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SUMMARY 
The i n h e r e n t economy of u t i l i z i n g l o c a l l y a v a i l a b l e m a t e r i a l s i n 
t h e c o n s t r u c t i o n of modern highway sys t ems has p l a c e d emphas i s on t h e 
m o d i f i c a t i o n of t h e s e m a t e r i a l s t o meet p r e s e n t and f u t u r e c o n s t r u c t i o n 
r e q u i r e m e n t s o Modsf i c a t i o i of a so i l , t o meet c e r t a i n s p e c i f i c a t i o n s can 
be a c h i e v e d by t h e a d d i t i o n of a s t a b i l i z i n g a g e n t t h a t w i l l enhance t h e 
d e s i r a b l e c h a r a c t e r i s t i c s of t h e s o i l w h i l e m i n i m i z i n g t h e a d v e r s e e f f e c t s 
from i t s u s e . 
The o b j e c t i v e of t h e r e s e a r c h r e p o r t e d h e r e i n was t o d e t e r m i n e t h e 
s u s c e p t i b i l i t y of w i d e l y v a r y i n g s o i l t y p e s t o s t a b i l i z a t i o n by t h e a d d i ­
t i o n of a b i t u m i n o u s m a t e r i a l . S e l e c t e d f o r u s e i n t h i s s t u d y were n i n e 
r e p r e s e n t a t i v e s o i l s l o c a t e d i n t h e S t a t e of G e o r g i a . The b i t u m i n o u s 
m a t e r i a l chosen as a s t a b i l i z i n g a g e n t was a c u t b a c k a s p h a l t , R C - 3 . 
Each of t h e n i n e s e l e c t e d s o i l s was combined w i t h RC-3 i n I n c r e m e n t s 
of 2 , U and 6 p e r c e n t t o t a l c u t b a c k a s p h a l t by w e i g h t of d r y s o i l . 
For each of she p r e v i o u s l y men t ioned c o m b i n a t i o n s of m a t e r i a l s , 
m o i s t u r e - d e n s i t y r e l a t i o n s h i p s were d e t e r m i n e d by t h e S t a n d a r d P r o c t o r T e s t 
(AASHO d e s i g n a t i o n - T - 9 9 - 5 7 ) . The a d d i t i o n of c u t b a c k a s p h a l t t o a w e l l 
g raded s o i l caused EN i n c r e a s e i n d e n s i t y as compared t o t h e d e n s i t y of 
t h e s o i l p r o p e r , On t h e o t h e r hand , combining RC-3 w i t h a u n i f o r m l y 
g raded s o i l c a u s e d a d e c r e a s e i n d e n s i t y . 
By u t i l i z i n g v a l u e s o b t a i n e d from, t h e m o i s t u r e - d e n s i t y t e s t s , t r i ­
a x i a l s h e a r s t r e n g t h spec imens 2 . 8 i n c h e s i n d i a m e t e r and 5 . 6 i n c h e s i n 
h e i g h t were s t a t i c a l l y compacted t o b o t h maximum d e n s i t y and optimum. 
< 
m o i s t u r e c o n t e n t and t o d e n s i t i e s l e s s t h a n maximum w i t h c o r r e s p o n d i n g 
m o i s t u r e c o n t e n t s . The p u r p o s e i n compac t ing samples a t l e s s t h a n maximum 
d e n s i t y was t o i n v e s t i g a t e t h e r e l a t i o n s h i p e x i s t i n g be tween d e n s i t y and 
s h e a r s t r e n g t h i n b i t u m i n o u s s t a b i l i z e d s o i l m a t e r i a l s . 
A f t e r compac t ion and p r i o r t o t e s t i n g , t r i a x i a l s h e a r s t r e n g t h -
spec imens were s e a l e d i n p o l y e t h y l e n e bags and s t o r e d a t room t e m p e r a t u r e 
fo r one week. S t r e n g t h e v a l u a t i o n s were made from u n c o n f i n e d c o m p r e s s i v e 
s t r e n g t h t e s t s and t r i a x i a l s h e a r s t r e n g t h t e s t s w i t h a l a t e r a l p r e s s u r e 
of 20 p s i „ 
In combin ing t h e m a t e r i a l s i t was e v i d e n t t h a t most i n t i m a t e mix ing 
of s o i l and RC-3 o c c u r r e d a t a m o i s t u r e c o n t e n t a t o r n e a r optimum m o i s t u r e 
c o n t e n t . 
The a d d i t i o n of c u t b a c k a s p h a l t t o t h e s o i l s u sed i n t h i s r e s e a r c h 
d i d n o t m a t e r i a l l y i n c r e a s e t h e s t r e n g t h p a r a m e t e r s of t h e s e s o i l s . However, 
i t can be c o n c l u d e d from an a n a l y s i s of t h e t e s t r e s u l t s t h a t t h e maximum 
s t r e n g t h p r o p e r t i e s of each s o i l do n o t n e c e s s a r i l y o c c u r a t t h e d e n s i t y 
and moisture content: c o r r e s p o n d i n g t o t h e peak of t h e m o i s t u r e d e n s i t y 
c u r v e c 
The a s p h a l t c o n t e n t t h a t had optimum i n f l u e n c e on t h e s t r e n g t h 
p a r a m e t e r s of t h e s o i l s t e s t e d v a r i e d b u t was. g e n e r a l l y found i n t h e r a n g e 




G e n e r a l , — A s p l r a l i n g economy l i n k e d w i t h an u n p r e c e d e n t e d commerc ia l and 
i n d u s t r i a l e x p a n s i o n i s p l a c i n g g r e a t demands on t h e n a t u r a l r e s o u r c e s of 
our n a t i o n . In l i k e manner , a r a p i d l y i n c r e a s i n g highway b u i l d i n g p r o ­
gram i s d r a i n i n g t h e s u p p l y of q u a l i t y c o n s t r u c t i o n m a t e r i a l s t h a t a r e 
v i t a l t o t h e r o a d b u i l d i n g i n d u s t r y . The s c a r c i t y of good c o n s t r u c t i o n 
m a t e r i a l s p l u s t h e I n h e r e n t economy i n u t i l i z i n g l o c a l l y a v a i l a b l e m a t e ­
r i a l s i n t h e c o n s t r u c t i o n of modern highway sys t ems has p l a c e d emphas i : 
on t h e m o d i f i c a t i o n of t h e s e m a t e r i a l s t o meet p r e s e n t as w e l l as a n t i c i ­
p a t e d s p e c i f i c a t i o n s . S o i l s t a b i l i z a t i o n i s an e f f e c t i v e way t o u p g r a d e 
an o t h e r w i s e s u b s t a n d a r d m a t e r i a l . 
The l a t e Roy W, Crum ; 1 former D i r e c t o r of t h e Highway R e s e a r c h Board 
had t h i s t o say abou t s o i l s t a b i l i z a t i o n ; ^ " "A s t a b i l i z e d f i l l , subgrade_ ? 
road s u r f a c e o r road b a c e i s one t h a t w i l l s t a y p u t and s t a b i l i z a t i o n i s 
t h e p r o c e s s t h a t made i t t h a t w a y , M The a u t h o r does n o t a t t e m p t t o 
improve on t h i s s t a t e m e n t b u t o n l y t o f u r t h e r d e f i n e s o i l s t a b i l i z a t i o n 
as t h a t p r o c e s s , e i t h e r c h e m i c a l o r m e c h a n i c a l t h a t a l t e r s t h e e n g i n e e r i n g 
p r o p e r t i e s of a s o i l i n such a manner as t o r e n d e r t h e m a t e r i a l s u i t a b l e 
as an. i n t e g r a l p o r t i o n of t h e highway s t r u c t u r e . 
E a r l y forms of s o i l s t a b i l i z a t i o n were s i m p l e . The compac t i on of a 
f i l l i n c r e a s e d t h e d e n s i t y of t h e m a t e r i a l , d e c r e a s e d t h e w a t e r s e n s i t i v i t y 
Numbers r e f e r t o b i b l i o g r a p h y . 
and r e n d e r e d t h e f i l l more s t a b l e . On t h e o t h e r hand , t e c h n o l o g i c a l 
advances i n t r o d u c e d more complex forms of s o i l s t a b i l i z a t i o n such as 
b l e n d i n g t h e s o i l w i t h an a d m i x t u r e , a p r o c e s s r e q u i r i n g s p e c i a l equ ipment 
and s k i l l e d p e r s o n n e l . Whether t h e s t a b i l i z a t i o n p r o c e d u r e i s s i m p l e o r 
complex , i t i s n e v e r t h e l e s s e s s e n t i a l i n many s i t u a t i o n s i n o r d e r t o 
p r o v i d e a d e q u a t e highway s y s t e m s c o n s i s t e n t w i t h economy. 
B i tuminous s o i l - s t a b i l i z a t i o n . — O n a t y p i c a l highway c o n s t r u c t i o n p r o j e c t , 
many w i d e l y v a r y i n g s o i l t y p e s a r e l i k e l y t o be e n c o u n t e r e d . C o n s e q u e n t l y , 
a d e s i r a b l e c h a r a c t e r i s t i c of a s t a b i l i z i n g p r o c e s s o r t y p e of a d m i x t u r e 
would be t h e a b i l i t y t o b e n e f i t t h e e n g i n e e r i n g p r o p e r t i e s of d i f f e r e n t 
s o i l t y p e s . 
Cutback a s p h a l t I s an a s p h a l t cement t h a t has been l i q u e f i e d by 
b l e n d i n g w i t h pe t ro leum, d i l u e n t s . Upon e x p o s u r e t o a t m o s p h e r i c c o n d i t i o n s , 
t h e d i l u e n t s e v a p o r a t e l e a v i n g t h e a s p h a l t cement as a r e s i d u e . Th i s b a s e 
a s p h a l t has twu c h a r a c t e r i s t i c s , b o t h of which may be b e n e f i c i a l i n s o i l 
s t a b i l i z a t i o n . A s p h a l t cement a c t s t o some d e g r e e as a c e m e n t i n g a g e n t 
t h e r e b y i n t r o d u c i n g c o h e s i o n t o g r a n u l a r m a t e r i a l s a;>.d i n c r e a s i n g t h e 
s t a b i l i t y of t h e combined m a t e r i a l s . On t h e o t h e r hand a s p h a l t cement i s 
a w a t e r p r o o f i n g a g e n t t h a t can r e n d e r w a t e r s e n s i t i v e s o i l s s t a b l e by p r e ­
v e n t i n g t h e i n t r u s i o n of m o i s t u r e . 
The o b j e c t of t h i s r e s e a r c h i s t o e v a l u a t e t h e f a c t o r s I n f l u e n c i n g 
t h e s o i l - w a t e r - c u t b a c k a s p h a l t s t a b i l i z a t i o n mechanism and t o d e v e l o p a 
l a b o r a t o r y p r o c e d u r e f o r t h e d e s i g n and c o n t r o l of b i t u m i n o u s s t a b i l i z e d 
b a s e s and s u b g r a d e s . 
S e v e r a l r e p r e s e n t a t i v e s o i l t y p e s found In t h e s t a t e of G e o r g i a were 
s e l e c t e d t o d e t e r m i n e t h e s u s c e p t i b i l i t y of t h e s e s o i l s t o s t a b i l i z a t i o n 
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by t h e a d d i t i o n of a b i t u m i n o u s m a t e r i a l . These d i f f e r e n t s o i l t y p e s 
were combined w i t h c u t b a c k a s p h a l t t o d e t e r m i n e t h e optimum a s p h a l t c o n ­
t e n t f o r each so i lo In o r d e r t o a c h i e v e maximum r e s i s t i n g c h a r a c t e r i s t i c - . 
from t h e s o i l - w a t e r - c u t b a c k a s p h a l t m i x t u r e i t was n e c e s s a r y t o d e t e r m i n e : 
1) t h e m o i s t u r e - d e n s i t y r e l a t i o n s h i p s of t h e m a t e r i a l s i n v o l v e d 
t h a t c o i n c i d e s w i t h maximum s t r e n g t h . 
2) t h e e f f e c t i v e n e s s of c u t b a c k a s p h a l t as a " l u b r i c a n t " in 
c o m p a c t i o n . 
3) t h e c o r r e c t m i x i n g , c u r i n g , compac t i on and s t r e n g t h t e s t i n g 
c y c l e . 
The t r i a x i a l s h e a r t e s t was chosen as t h e c r i t e r i a f o r e v a l u a t i n g 
s t a b i l i t y s o i l - w a t e r - c u t b a c k - a s p h a l t m i x t u r e s fo r t h e f o l l o w i n g r e a s o n s : 
1) The d e s i r e d r e s u l t of a s t a b i l i z a t i o n p r o c e s s i s an i n c r e a s e 
i n s t a b i l i t y . Compres s ive s t r e n g t h as e v i d e n c e d i n a t r i a x i a l 
s h e a r t e s t i s a measure of s t a b i l i t y . 
2) The t r i a x i a l s h e a r t e s t i s a f a m i l i a r l a b o r a t o r y p r o c e d u r e t h a t 
does n o t r e q u i r e s p e c i a l equ ipmen t o t h e r t h a n t h a t n o r m a l l y 
found i n a s o i l t e s t i n g l a b o r a t o r y . 
3 ) The m e r i t s of o t h e r a d m i x t u r e s have been judged by t h i s t e s t 
and c o r r e l a t i o n w i t h r e s e a r c h of t h i s n a t u r e w i l l be p r o v i d e d . 
At t h e recommenda t ion of t h e G e o r g i a Highway Depa r tmen t RC-3 was 
s e l e c t e d as t h e c u t b a c k a s p h a l t t o be u sed i n t h i s i n v e s t i g a t i o n . 
P r e v i o u s r e s e a r c h in b i t u m i n o u s s o i l s t a b i l i z a t i o n . — F u l l s c a l e t e s t s 
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i n c o r p o r a t e d m a c o r r e l a t i o n s t u d y by Ender sby I n d i c a t e d t h e p r e s e n c e 
of h i g h c o n f i n i n g p r e s s u r e s imposed t h r o u g h p a v i n g r e s t r a i n t . T h i s p a v i n g 
r e s t r a i n t , a c c o r d i n g t o Endersby gave r i s e t o h i g h e r s t a b i l i t y v a l u e s as 
compared t o s i m i l a r s o i l - c u t b a c k a s p h a l t m i x t u r e s t e s t e d i n t h e l a b o r a t o r y , 
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P r a n d t l d e v i s e d a b e a r i n g power t e s t t h a t i n t r o d u c e d t h e e f f e c t s 
of p a v i n g r e s t r a i n t as w e l l as m e a s u r i n g t h e v a l u e s of c o h e s i o n and 
i n t e r n a l f r i c t i o n . Comparing t h e r e s u l t s of h i s b e a r i n g power t e s t w i t h 
r e s u l t s of u n c o n f i n e d c o m p r e s s i v e t e s t s P r a n d t l r e p o r t e d v a l u e s of b e a r i n g 
power t e n t i m e s t h a t of u n c o n f i n e d c o m p r e s s i v e s t r e n g t h . The f a c t t h a t 
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f u l l s i z e pavement s e c t i o n s c o n t r i b u t e c o n f i n i n g p r e s s u r e s i n e x c e s s of 
whose imposed on l a o o r a t o r y samples has been e v i d e n c e d i n e x i s t i n g b a s e s 
and s u b g r a d e s t h a t have pe r fo rmed s a t i s f a c t o r i l y d e s p i t e l a b o r a t o r y t e s t s 
i n d i c a t i n g i n s u f f i c i e n t s t a b i l i t y . 
The p r e c e d i n g i n f o r m a t i o n i n d i c a t e s a need fo r r e s e a r c h i n s t r e s s 
d i s t r i b u t i o n b e n e a t h v a r i o u s t y p e s of s u r f a c e and b a s e m a t e r i a l s 0 
In a l l p r o b a b . L i t y y t h e most a r g u m e n t a t i v e a s p e c t of b i t u m i n o u s 
s t a b i l i z a t i o n i s t h e r e l a t i o n s h i p be tween m o i s t u r e and c u t b a c k a s p h a l t 
In t h e compac t ion c h a r a c t e r i s t i c s of o i t u m l n o u s s t a b i l i z e d m a t e r i a l s , 
Cutback a s p h a l t i s composed of a s p h a l t cement and a g a s o l i n e o r n a p t h a 
d i l u e n t , t h e v o l a t i l i t y of which depends on t h e p a r t i c u l a r g rade* The 
v o l a t l l e s p r e s e n t In c u t b a c k a spha l t , s e r v e t o some e x t e n t as a l u b r i c a t i n g 
medium In compac t ion :.n much t h e same manner as w a t e r 0 Whether one p e r c e n t 
v o l a t i l e s e x h i b i t s t h e same e f f e c t on t h e compac t ion c h a r a c t e r i s t i c s of a 
p a r t i c u l a r s o i l as one p e r c e n t w a t e r i s a much d i s c u s s e d t o p i c w i t h w i d e l y 
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v a r y i n g t h e o r i e s r e p r e s e n t e d . 
The American Road B u i l d e r - s A s s o c i a t i o n makes t h e f o l l o w i n g s u g g e s ­
t i o n s as t o t h e p h y s i c a l c h a r a c t e r i s Lie.- of t h e s o l i m a t e r i a l t h a t i s t c 
be s t a b i l i z e d w i t h c u t b a c k a s p h a l t : 
1 } Per c e n t p a s s if. g a lie . 4 S i e v e > 5 0 . 
2 ) Per c e n t p a s s i n g a No. 4 0 S i e v e ^ 5 0 - 1 0 0 . 
3 ) Per c e n t p a s s i n g a No. 2 0 0 S i e v e < 3 5 o 
4 ) L i q u i d l i m i t s h o u l d be l e s s t h a n 3 0 % . 
5) P l a s t i c i t y index must be l e s s t h a n i n . 
The e f f e c t s on d e n s i t y and s t r e n g t h of compacted m i x t u r e s a p p e a r s 
t o depend on t h e g r a d a t i o n c h a r a c t e r i s t i c s of a s o i l . The p r i n c i p a l f u n c t i o n 
of a s p h a l t i n a c o h e s i v e s o i l i s t o w a t e r p r o o f t h e c o n s o l i d a t e d s o i l m 
F i n d i n g s such as t h e s e a r e r e p o r t e d i n a pape r p r e p a r e d by P u z i n a u s k a s 
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and K a l l a S o 
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CHAPTER I I 
DESCRIPTION OF MATERIALS AMD LABORATORY TEST EQUIPMENT 
S o i l s . — L o c a t e d w i t h i n t h e S t a t e of G e o r g i a a r e an e s t i m a t e d ' 25 major 
s o i l t y p e s . Each one of t h e s e major s o i l t y p e s may be s u b d i v i d e d I n t o 
what would e v e n t u a l l y amount t o an I n f i n i t e v a r i e t y cf s o i l c o n d i t i o n s 
t h a t v a r y g e o g r a p h i c a l l y t h r o u g h o u t t h e s t a t e . 
T h i s p a r t i c u l a r phase of s o i l s t a b i l i z a t i o n . I s a p o r t i o n of a l o n g -
r a n g e program, t o e v a l u a t e t h e s u s c e p t i b i l i t y of v a r i o u s G e o r g i a s o l i t y p e c 
t o s t a b i l i z a t i o n by d i f f e r e n t a d m i x t u r e s . O r i g i n a l l y , n i n e s o i l t y p e s 
were s e l e c t e d f o r t h i s p r o g r a m . In o r d e r t o a f f o r d a compar i son w i t h p r e ­
v i o u s work of t h i s n a t u r e , t h e s e same s o i l s were u t i l i z e d i n t h i s r e s e a r c h . 
The c r i t e r i a f o r s e l e c t i n g r e p r e s e n t a t i v e s o i l s was t h e f r e q u e n c y of which 
t h e s o i l was e n c o u n t e r e d i n highway c o n s t r u c t i o n as w e l l as t h e c h a r a c ­
t e r i s t i c s of t h e m a t e r i a l t h a t n e c e s s i t a t e d s t a b i l i z a t i o n * 
As t h e l a b o r a t o r y s u p p l y of a p a r t i c u l a r s o i l was d e p l e t e d i t was 
n e c e s s a r y t o r e t u r n t o t h e o r i g i n a l s o u r c e fo r a d d i t i o n a l m a t e r i a l . Of ten 
t h e o r i g i n a l s o u r c e of a s o i l was a c o u n t y o r s t a t e bor row p i t t h a t was no 
l o n g e r i n u s e , Hence , e x a c t d u p l l e a d e n of a p a r t i c u l a r s o i l t y p e was d i f f i ­
c u l t i f n o t i m p o s s i b l e . T h i s s i t u a t i o n i s e x p l a i n e d i n o r d e r t o j u s t i f y 
I n c o n s i s t e n c i e s i n t h e p h y s i c a l c h a r a c t e r i s t i c s of t h e s o i l s r e p o r t e d h e r e i n 
and t h o s e s o i l s c o r r e s p o n d i n g t o p r e v i o u s r e s e a r c h i n t h i s p rog ram. 
A d e t a i l e d d e s c r i p t i o n of t h e p h y s i c a l c h a r a c t e r i s t i c s of each s o i l 
i s p r e s e n t e d i n Tab l e 1 , and t h e g r a d a t i o n c u r v e s a p p e a r i n F i g , 1 and 
F i g . 2 , The g e o g r a p h i c a l l o c a t i o n of each s o i l i s shown i n F i g , 3 . 
Table L L o c a t i o n and D e s c r i p t i o n of S o i l s i n Georg i a 
S o i l No. I I I I I I IV VI VII V I I I IX 
L o c a t i o n (County) C a r r o l l Eff ingham Camden F u l t o n Gordon C l a y t o n Putnam Putnam 
G r a d a t i o n Per Cent 
P a s s i n g U. S. S t a n d a r d 
S i e v e Shown 
S i e v e No. 1 0 9 7 1 0 0 1 0 0 97 7 6 9? 98 99 
S i e v e No. 40 86 4 6 98 8 1 5 1 70 93 94 
S i e v e No. 60 63 3 2 ° 3 7 2 48 S3 89 86 
S i e v e No. 100 56 2 6 47 63 46 44 85 7 6 
S i e v e No. 200 38 1 7 S 54 44 39 83 70 
% S i l t 21 2 3 22 7 23 20 :-
% C l a y f, 
u 
i i 
± _L — 2 7 31 1 6 60 33 
L i q u i d L i m i t 1 3 H — 29 20 24 64 47 
P l a s t i c L i m i t -- — — 23 __ 14 48 44 
P l a s t i c i t y Index MP MF NP • o NP 10 1 6 3 
S p e c i f i c G r a v i t y 2 . 6 7 2 . 6 3 2 . 6 < ) 2 . 7 0 2 . 6 7 2 . 5 9 2 . 6 7 2 . 6 3 
AASHO C l a s s i f i c a t i o n A-4-(0) A -2-4 (0) A - 3 - ( 0 ) A-4-(4) A - l - a ( O ) A-4-(0) A - 7 - 5 U 5 ) A-5 (8 ) 
GHD C l a s s i f i c a t i o n C- l A-l A- l I -B A B - i l 11 I-B I I - A 
T o p s o l l T o p s o l l Subgrade Embank­
ment 





















20 30 40 60 100 
U.S. STANDARD SIEVE SIZES 
200 
s 
\ I T \ 
\ 
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F i g u r e 1 . Gradation C u r v e s for S o i l s I , I I , I I I and IV. 
SAND FINES 
COARSE FINE SILT 1 CLAY COLLOIDS U.S. STANDARD SIEVE SIZES 
1.0 0.1 0.01 0.001 
GRAIN DIAMETER, MM 
F i g u r e 2 . G r a d a t i o n Curves f o r S o i l s VI,, V I I , V I I I and IX. 
10 
11 
All s o i l c l a s s i f i c a t i o n t e s t s t o i d e n t i f y t h e s e s o i l s conform t o 
s t a n d a r d recommended p r a c t i c e s of t h e American A s s o c i a t i o n of S t a t e 
9 
Highway O f f i c i a l s as we l l as recommenda t ions In s o i l s t e s t i n g m a n u a l s / 
S o i l I i s a m o d e r a t e l y w e l l g r a d e d , n o n - p l a s t i c , y e l l o w - b r o w n , s i l t y 
s a n d . S o i l I I i s a u n i f o r m , n o n - p l a s t i c , r e d - b r o w n , s i l t y s a n d . S e l l I I I 
I s a u n i f o r m , g r e y - t o - b l a c k beach s a n d . S o i l IV i s a w e l l - g r a d e d , n o n -
p l a s t i c , y e l l o w - b r o w n , s i l t y sando S o i l VII i s a w e l l - g r a d e d , brown, 
s i l t y , c l a y e y sand of medium p l a s t i c i t y . S o i l V I I I i s a p l a s t i c , deep 
red;, s i l t y c l a y c o n t a i n i n g a l a r g e amount of mica f l a k e s . S o i l IX i s a 
w e l l - g r a d e d , r e d - b r o w n , s a n d y , s i l t y , c l a y of m o d e r a t e p l a s t i c i t y . 
Cu tback a s p h a l t (RC-3)o—Rapid c u r i n g c u t b a c k a s p h a l t (RC-3) i s an a s p h a l t 
cement (AC-8) t h a t has been l i q u e f i e d by b l e n d i n g w i t h p e t r o l e u m d i i u t e n t s 
of high, v o l a t i l i t y such as n a p t h a o r g a s o l i n e . 
The RC-3 u t i l i z e d on t h i s r e s e a r c h was s u p p l i e d by t h e Savannah^ 
G e o r g i a R e f i n e r y of t h e American O i l O ""pany. The f o l l o w i n g i s a t y p i c a l 
c h e m i c a l a n a l y s i s of t h i s m a t e r i a l : 
F l a s h p o i n t (Open l a g ) o o , , „ , .. „ . , . 9 5 c 
S a y b o I t V i s c o s i t y a t 14C° F . . . . . . . 4 3 8 
D i s t i l l a t i o n T e s t : 
D i s t i l l a t e , p e r c e n t a g e by volume 
of t o t a l d i s t i l l a t e ; 
374° F . o „ . . . . „ „ „ . . . . . . „ . . 19$ 
437° F . „ „ . „ . . . . . , . . . . . . . . o o . . . . 60 
500° F . . . . . . . . . . . . . . . . . . . . . . . „ o ? 6 
600° F . . . . . . . . „ . . . „ . . . , . . . . . . . 0 . 9 . I 
R e s i d u e from d i s t i l l a t i o n 
t o 680° F . . . . . . o o o o , « , . . . . . . . . . . . . . 19% 
S p e c i f i c G r a v i t y a t 60° F . . . . O . , . . .97.59 
R e s i d u e P e n e t r a t i o n a t 77° i \ ., , . , „9C 
D u c t i l l i t y a t 77° F . . . . . . . . . . . . . . „ 1 0 0 + 
S o l u b i l i t y i n C G l ^ . . . „ . „ . „ . . , . . . „ . 9 9 .9% 
Spot t e s t . . . . o . . . . . . . o o . „ . . . . . . . . . N e g a t i v e 
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Mixing e q u i p m e n t . — T h e t h r e e c o n s t i t u e n t s of t h e m i x t u r e ( s o i l , w a t e r , RC-3) 
were b l e n d e d w i t h a H o b a r t C-100 mixer equ ipped w i t h a f l a t b l a d e . The 
m i x t u r e was b l e n d e d a t a speed of 144- r e v o l u t i o n s p e r m i n u t e . A f t e r mix ­
i n g , t h e b l e n d e d m a t e r i a l was a e r a t e d i n 12 x 24- x 3 i n . m e t a l t r a y s . Air 
was c i r c u l a t e d a c r o s s t h e s e t r a y s u s i n g an Emerson E l e c t r i c fan w i t h a 
16 i n . b l a d e . These two i t e m s of equ ipment a r e shown In u s e In F i g . 9. 
Be fo re and a f t e r m i x i n g , as w e l l as d u r i n g t h e a e r a t i o n p r o c e s s , 
a p p r o x i m a t e m o i s t u r e c o n t e n t s were t a k e n w i t h a Speedy M o i s t u r e T e s t e r 
m a n u f a c t u r e d by t h e Alpha-Lux Company. More a c c u r a t e m o i s t u r e c o n t e n t s 
were d e t e r m i n e d by o v e n - d r y i n g samples a t 1.10° C fo r 24- h o u r s . 
Compact ion e q u i p m e n t ' . — M o i s t u r e d e n s i t y r e l a t i o n s h i p s were d e t e r m i n e d by 
t h e S t a n d a r d P r o c t o r compac t i on t e s t , AASHO d e s i g n a t i o n , 7-99-57.. Th i s 
t e s t u t i l i z e s a compac t ion mold w i t h a volume of 1 /30 c u . f t . A ccmpac-
t i v e e f f o r t of a 5«5 l b . ram w i t h a 12 i n . s t r o k e I s a p p l i e d 25 t i m e s t o 
each of t h r e e equal, l a y e r s . 
T r i a x i a l t e s t c y l i n d e r s were compacted i n an 8 i n . l e n g t h of s t e e l 
t u b e reamed t o an i n s i d e d i a m e t e r of 2.8 I r . 0 To a f f o r d compac t ion a t t h e 
t o p and b o t t o m of t h e c y l i n d e r s , two s o f t aluminum p i s t o n s work ing toward 
each o t h e r were u t i l i z e d . S p a c e r c l i p s were p o s i t i o n e d a round t h e bo t tom 
p i s t o n t o s u p p o r t t h e t u b e p r i o r t o a p p l i c a t i o n of compaction, f o r c e s . 
With t h e a p p l i c a t i o n of t h e c o m p a c t i v e f o r c e s t h e s e s p a c e r c l i p s were r e ­
moved t o a l l o w v e r t i c a l movement of t h e b o t t o m p i s t o n . The h e i g h t of sample 
was c o n t r o l l e d by an Ames d i a l a t t a c h e d t o a 12 I n . l e n g t h of aluminum, 
a n g l e . The s o u r c e of compac t ion e f f o r t fo r making t r i a x i a l t e s t c y l i n d e r s 
was a T i n i u s - O l s e n 120.,000 l b . c a p a c i t y , c o n t r o l l e d - s t r a l n , h y d r a u l i c t e s t ­
ing m a c h i n e . F i g . 4 shows a t r i a x i a l t e s t spec imen b e i n g compac t ed . The 
r a t e of s t r a i n was .035 i n c h e s p e r m i n u t e . 

T r i a x i a l t e s t e q u i p m e n t , — A T l n i u s - Q I s e n , 2 0 , 0 0 0 o b , c a p a c i t y c o n s t a n t -
s t r a i n , e l e c t r i c t e s t i n g m a c h i n e was u s e d t o p e r f o r m t h e t r i a x i a l s h e a r 
t e s t . L a t e r a l p r e s s u r e s w e r e a p p l i e d by c o m p r e s s e d a i r . T e s t c y l i n d e r s 
w e r e p l a c e d i n an a i r - t i g h t p l e x i g l a s s c y l i n d e r . Load t r a n s f e r f r >m. t h e 
t e s t i n g m a c h i n e t o t h e c y l i n d e r was a c c o m p l i s h e d b y a 3/4 i n , d i a m e t e r 
s t e e l p i s t o n . F i g . 5 I l l u s t r a t e s a t r i a x i a l s h e a r t e s t i n p r o g r e s s . The 
r a t e o f s t r a i n was . 0 7 5 I n c h e s p e r m i n u t e , 
CHAPTER I I I 
DEVELOPMENT OF LABORATORY DESIGN PROCEDURES 
G e n e r a l . — T h e impetus f o r r e s e a r c h of t h i s n a t u r e i s t h e a p p l i c a t i o n of 
l a b o r a t o r y r e s u l t s t o t h e c o n s t r u c t i o n of modern highway s y s t e m s . • Two 
o u t s t a n d i n g p r i n c i p l e s must be adhered t o i n o r d e r t o present to the 
highway c o n s t r u c t i o n i n d u s t r y f a c t u a l I n f o r m a t i o n of a u s a b l e n a t u r e . In 
t h e same manner t h a t a S t a n d a r d P r o c t o r compac t ion t e s t s i m u l a t e s a com-
p a c t i v e e f f o r t g e n e r a t e d by heavy c o n s t r u c t i o n e q u i p m e n t , each p h a s e of 
a l a b o r a t o r y t e s t i n g program must be c o n c e i v e d so as t o be r e a d i l y r e p r o ­
duced by e x i s t i n g equ ipment and t e c h n i q u e s of c o n s t r u c t i o n . S e c o n d l y , t h e 
p r e d o m i n a t i n g v a r i a b l e s of t h e m a t e r i a l s i n v o l v e d must be d e t e r m i n e d and 
a s a t i s f a c t o r y method f o r e v a l u a t i n g s h e s e v a r i a b l e s must be t h e b a s i s fo r 
deve lopmen t of a l a b o r a t o r y d e s i g n p r o c e d u r e . 
S o i l i d e n t i f i c a t i o n and c l a s s i f i c a t i o n . — A s each s o i l was r e c e i v e d i n t h e 
l a b o r a t o r y i t was p l a c e d i n l a r g e , s h a l l o w pans and a l l owed t o a i r - d r y . 
A f t e r a i r - d r y i n g t h e m a t e r i a l was p a s s e d t h r o u g h a No. 4 s i e v e w i t h a l l 
m a t e r i a l r e t a i n e d on t h e No. 4 s i e v e d i s c a r d e d . 
The f o l l o w i n g p h y s i c a l t e s t s were r u n on m a t e r i a l p a s s i n g t h e No. U 
s i e v e of each s o i l f o r i d e n t i f i c a t i o n and c l a s s i f i c a t i o n : 
1 ) A t t e r b e r g l i m i t s 
a . P l a s t i c l i m i t 
b . L i q u i d l i m i t 
c P l a s t i c i t y index 
2) S p e c i f i c G r a v i t y 
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3 ) G r a i n s i z e d i s t r i b u t i o n 
a. Mechan ica l a n a l y s i s 
b o Hydrometer a n a l y s i s i f r e q u i r e d 
U) S t a n d a r d P r o c t o r compac t ion t e s t (See T a b l e 2 ) 
T a b u l a r r e s u l t s of a l l p h y s i c a l t e s t s a r e p r e s e n t e d i n T a b l e 1 . 
M o i s t u r e - D e n s i t y r e l a t i o n s h i p s „ — T h e f i n a l s t r u c t u r a l a r r a n g e m e n t of a 
s o i l t h a t has been s u b j e c t e d t o a c e r t a i n c o m p a c t i v e e f f o r t i s a f u n c t i o n 
of many v a r i a b l e s . Four of t h e s e v a r i a b l e s t h a t have t h e most p ronounced 
i n f l u e n c e a r e : 1 ) g r a i n s i z e and s h a p e , 2 ) t h e f r e q u e n c y of a p p e a r a n c e 
of a p a r t i c u l a r g r a i n s i z e , ( g r a d a t i o n ) , 3) t h e m o i s t u r e c o n t e n t of t h e 
s o i l a t t h e t i m e of c o m p a c t i o n , 1+) p l a s t i c i t y c h a r a c t e r i s t i c s of c l a y . 
The g r a i n s i z e and shape and t he g r a d a t i o n d e t e r m i n e t h e number and 
s i z e of v o i d s w i t h i n t h e compacted s o i l o On t h e o t h e r hand , m o i s t u r e 
s e r v e s t o overcome f r a c t i o n a l r e s i s t a n c e g e n e r a t e d be tween p a r t i c l e s 
t h e r e b y making a mere i n t i m a t e g r a i n c o n t a c t p o s s i b l e . At t h e same time,, 
m o i s t u r e w i l l i n c r e a s e t h e u n i t w e i g h t of t h e m a t e r i a l by f i l l i n g a p o r t i o n 
of t h e o t h e r w i s e w e i g h t l e s s a i r v o i d s . 
For a g i v e n c o m p a c t i v e e f f o r t t h e r e i s a c o n d i t i o n at. which a s t a t e 
of maximum d e n s i t y w i l l o c c u r . C o r r e s p o n d i n g t o t h i s maximum d e n s i t y i s 
a m o i s t u r e c o n t e n t t h a t b e s t f u l f i l ] s t h e d u a l r o l e d e s c r i b e d i n t h e 
p r e c e d i n g p a r a g r a p h . S i n c e t h i s m o i s t u r e c o n t e n t has d i s t i n c t s i g n i f i c a n c e 
as r e l a t e d t o maximum d e n s i t y , i t i s t e rmed optimum m o i s t u r e c o n t e n t and 
a b b r e v i a t e d OMC, 
I f t h e b a s i c i n g r e d i e n t s of t h e compac t ion p r o c e s s a r e a l t e r e d , as 
i s t h e c a s e when a s t a b i l i z i n g a d m i x t u r e i s i n c o r p o r a t e d , c e r t a i n changes 
i n t h e compac t ion c h a r a c t e r i s t i c s of t h e new m a t e r i a l a r e t o be a n t i c i p a t e d . 
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The e x a c t way in which t h e c o m p a c t i v e c h a r a c t e r i s t i c s a r e a l t e r e d w i l l 
depend on t h e t y p e of s t a b i l i z i n g a d m i x t u r e u t i l i z e d . On t h e one hand , 
a d r y , f i n e - g r a i n e d a d m i x t u r e , such as P o r t l a n d cement , may i n c r e a s e OMC 
due t o t h e l a r g e s u r f a c e a i e a of m a t e r i a l of t h i s n a t u r e . At t h e same 
t i m e , f i l l i n g v o i d s i n t h e compacted mass w i t h a m a t e r i a l of r e l a t i v e l y 
h i g h s p e c i f i c g r a v i t y w i l l i n c r e a s e maximum d e n s i t y t o some d e g r e e . On 
t h e o t h e r hand , a l i q u i d a d m i x t u r e may a c t as a l u b r i c a t i n g medium t h u s 
r e d u c i n g t h e m o i s t u r e r e q u i r e m e n t s of t h e s o i l a t maximum d e n s i t y . 
T h i s r e s e a r c h i s c o n c e r n e d w i t h t h e s t a b i l i z a t i o n of v a r i o u s s o i l 
t y p e s w i t h a c u t b a c k a s p h a l t , RC-3. RC-3 i s a two p h a s e m a t e r i a l c o n s i s t ­
ing of a b a s e a s p h a l t cement (AC-8) , and a p e t r o l e u m d i l u e n t such as 
g a s o l i n e o r n a p t h a . 
The e f f e c t of c u t b a c k a s p h a l t on t h e compac t ion c h a r a c t e r i s t i c s of 
a s o i l i s a c o n t r o v e r s i a l s u b j e c t . T h i s c o n t r o v e r s y s tems from t h e w i d e l y 
v a r y i n g t h e o r i e s as t o t h e a c t u a l p a r t t h a t t h e d i l u e n t s i n c u t b a c k a s p h a l t 
p l a y i n r e p l a c i n g m o i s t u r e as a compac t ion l u b r i c a n t . 
To d e v e l o p some i n s i g h t i n t o t h i s q u e s t i o n , a S t a n d a r d P r o c t o r 
compac t i on t e s t was r u n on a d ry s o i l combined w i t h v a r i o u s p e r c e n t a g e s 
of RC-3C G r a p h i c a l r e p r e s e n t a t i o n of d r y d e n s i t y v e r s u s c u t b a c k a s p h a l t 
c o n t e n t r e s u l t e d i n a c u r v e s i m i l a r t o a m o i s t u r e d e n s i t y c u r v e . As s e e n 
In F i g u r e s 6A and 6B t h e maximum d e n s i t y of t h e d r y s o i l and c u t b a c k 
a s p h a l t c o m b i n a t i o n was a p p r o x i m a t e l y 92 p e r c e n t of t h e maximum d e n s i t y 
a c h i e v e d from a r e g u l a r m o i s t u r e - d e n s i t y t e s t on t h i s p a r t i c u l a r s o i l . 
From a q u a n t i t a t i v e s t a n d p o i n t t h i s c u r v e t e n d s t o p r o v e t h a t c u t b a c k 
a s p h a l t has an i m p o r t a n t r o l e as a l u b r i c a n t i n c o m p a c t i o n . 
To f u r t h e r i n v e s t i g a t e t h e s o i l - w a t e r - c u t b a c k a s p h a l t compac t ion 
phenomenon i t i s n e c e s s a r y t o d e f i n e c e r t a i n b a s i c r e l a t i o n s h i p s of t h e 
IS 
WATER CONTENT {%) 
F i g u r e 6-A. Maxium Dry D e n s i t y Vs. Water C o n t e n t , S o i l I I . 
RC-3 CONTENT (%) 
F i g u r e 6-B. Maxium Dry D e n s i t y Vs. RC-3 C o n t e n t , S o i l I I . 
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m a t e r i a l s i n v o l v e d . F i r s t of a l l , RC-3 i s a p p r o x i m a t e l y 80 p e r c e n t s o l i d 
a s p h a l t and 20 p e r c e n t l i q u i d d i l u e n t by vo lume . The w e i g h t r e l a t i o n s h i p s 
a r e s i m i l a r t o t h i s ; 8$ p e r c e n t s o l i d a s p h a l t and 15 p e r c e n t l i q u i d 
d i l u e n t . 
The i m p o r t a n c e of t h e w e i g h t r e l a t i o n s h i p i s e v i d e n c e d i n t h e f o l l o w ­
ing d e f i n i t i o n s : 
W = Weight of Water w 
Ws = Weight of S o i l S o l i d s 
Ŵ  = Weight of D i l u e n t 
Ŵ  = Weight of S o l i d A s p h a l t 
Water C o n t e n t (W„C.) = Ww 
Ws 
L i q u i d C o n t e n t ( L , C . ) - Ww + Wd 
Ws + Wa 
Water c o n t e n t as d e f i n e d above i s a p o p u l a r l y a c c e p t e d d e f i n i t i o n 
and can be r e a d i l y u s e d i f s o i l and w a t e r a r e t h e o n l y c o n s t i t u e n t s of 
t h e m i x t u r e . However, when s o i l , w a t e r and c u t b a c k a s p h a l t a r e combined, 
and a " m o i s t u r e " sample taken, from t h i s m i x t u r e , t h e n t h e p r o c e d u r e fo r 
d e t e r m i n i n g w a t e r c o n t e n t w i l l a c t u a l l y y i e l d l i q u i d c o n t e n t as d e f i n e d 
a b o v e . F u r t h e r c o m p l i c a t i n g t h e p rob l em i s t h e f a c t t h a t t h e amount of 
d i l u e n t s p r e s e n t a t a g i v e n t i m e i s a f u n c t i o n of p r e v i o u s e x p o s u r e and 
a g i t a t i o n w h i l e t h e amount of b a s e a s p n a l t w i l l r ema in c o n s t a n t . 
The o v e r a l l c o m p l e x i t y of t h e p rob l em can be e v i d e n c e d from a com­
p a r i s o n of t h e c o m p a c t i o n t e s t of a s o i l - w a t e r m i x t u r e and a s o i l - w a t e r -
c u t b a c k a s p h a l t m i x t u r e . 
The p r o c e d u r e fo r d e t e r m i n i n g compac t i on c h a r a c t e r i s t i c s of a s o i l -
w a t e r m i x t u r e i s t o a p p l y a c e r t a i n cornpac t ive e f f o r t t o v a r i o u s p r o p o r t i o n s 
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of s o i l and w a t e r r a n g i n g from a r e l a t i v e l y d r y c o n d i t i o n , t o a d i s t i n c t l y 
wet c o n d i t i o n . For each p r o p o r t i o n of s o i l and w a t e r , a r e p r e s e n t a t i v e 
sample i s p l a c e d i n an oven and a l l owed t o d r y . Water c o n t e n t i s t h e n 
d e t e r m i n e d by t h e p r e c e d i n g r e l a t i o n s h i p . A g r a p h i c a l r e p r e s e n t a t i o n of 
d ry d e n s i t y v e r s u s w a t e r c o n t e n t i s made and from t h i s c u r v e t h e maximum, 
d r y d e n s i t y of t h e m a t e r i a l and t h e w a t e r c o n t e n t (OMC) t h a t y i e l d e d t h i s 
d e n s i t y i s s e l e c t e d „ T h i s i s a s t r a i g h t f o r w a r d p i o c e s s i n which t h e r e ­
l a t i o n s h i p be tween s o i l d e n s i t y and m o i s t u r e c o n t e n t i s w e l l d e f i n e d . 
The mechan ics of d e t e r m i n i n g compac t ion c h a r a c t e r i s t i c s of a s o i l -
w a t e r - c u t b a c k a s p h a l t m i x t u r e i s s i m i l a r t o t h a t d e s c r i b e d a b o v e . However;, 
when a sample of t h e m a t e r i a l i s p l a c e d i n an oven and a l l owed t o d r y , 
l i q u i d c o n t e n t r a t h e r t h a n m o i s t u r e c o n t e n t i s d e t e r m i n e d s i n c e w e i g h t 
l o s s i s a t t r i b u t a b l e t o e v a p o r a t i o n of w a t e r and d i l u e n t s ; t h e s o l i d 
r e s i d u e c o n s i s t s of b o t h s o i l s o l i d s and b a s e a s p h a l t . 
To t h e o r e t i c a l l y d e s c r i b e t h e e x a c t r e l a t i o n s h i p of s o i l - w a t e r -
c u t b a c k a s p h a l t compac t ion c h a r a c t e r i s t i c s i s i m p r a c t i c a l f o r t h e f o l l o w ­
ing r e a s o n s : 
l o Cu tback a s p h a l t I s m a n u f a c t u r e d a c c o r d i n g t o minimum s t a n d a r d - ; 
and t h e w e i g h t and volume r e l a t i o n s h i p s w i l l v a r y from t h i s minimum.. 
2 . The amount of d i l u e n t s r e a m i n i n g i n t h e l i q u i d a s p h a l t d e c r e a s e s 
w i t h e x p o s u r e t o e v a p o r a t i o n and w i t h a g i t a t i o n due to m i x i n g . 
To p r a c t i c a l l y d e s c r i b e t h e o v e r a l l e f f e c t of t h e s o i l - w a t e r 
c u t b a c k a s p h a l t compac t i on p r o c e s s i s p o s s i b l e and can be e v i d e n c e d from, 
t h e f o l l o w i n g example : 
Combine 10 l b s . of d r y s o i l w i t h 1.0 l b . of w a t e r so t h a t t h e water-
c o n t e n t e q u a l s 10 p e r c e n t . To t h i s add 6 p e r c e n t c u t b a c k a s p h a l t by 
w e i g h t of d ry s o i l . From, t h i s m i x t u r e , remove a r e p r e s e n t a t i v e sample and 
d e t e r m i n e t h e l i q u i d c o n t e n t by oven d r y i n g . Assume t h a t t h e l i q u i d c o n ­
t e n t e q u a l e d 10 .5 p e r c e n t . Now, t h e w a t e r c o n t e n t of t h e s o i l was 
d e p e n d e n t on ^he o r i g i n a l p r o p o r t i o n s of s o i l and w a t e r and was i n t h i s 
c a s e e q u a l t o 10 p e r c e n t . The d i f f e r e n c e be tween t h e l i q u i d c o n t e n t , 
1.0.5 p e r c e n t , and t h e w a t e r c o n t e n t , .10 p e r c e n t , i s t h e measured e f f e c t 
of t h e c u t b a c k - a s p h a l t i n t h e m o i s t u r e - d e n s i t y r e l a t i o n s h i p s . A s e r i e s 
of s i m p l e t e s t s i n d i c a t e d t h a t t h i s d i f f e r e n c e i s a c o n s t a n t i -T a g i v e s 
p e r c e n t a g e of c u t b a c k a s p h a l t r e g a r d l e s s of t h e w a t e r c o n t e n t of tine s e l l . 
In t h e compac t ion t e s t of a s o i l - w a t e r - c u t b a c k a s p h a l t m i x t u r e , t h e 
optimum l i q u i d c o n t e n t can be d e t e r m i n e d g r a p h i c a l l y . The c o r r e c t i o n 
f a c t o r can be a p p l i e d t o t h i s optimum l i q u i d c o n t e n t , r e s u l t i n g i n t h e 
optimum m o i s t u r e c o n t e n t of t h e s o i l p r o p e r . 
Optimum m o i s t u r e c o n t e n t f o r a so 11 - w a t e r - C u t b a c k a s p h a l t m i x t u r e 
can be d e f i n e d as t h e r e q u i r e d m o i s t u r e c o n t e n t of t h e s o i l so t h a t m a x i ­
mum d e n s i t y w i l l o c c u r when t h e s o i l i s compacted i n t h e p r e s e n c e of a 
g i v e n p e r c e n t a g e of c u t b a c k a s p h a l t . 
M o i s t u r e - D e n s i t y t e s t s . - - T h e equ ipmen t u s e d , and t h e g e n e r a l p r o c e d u r e 
f o l l o w e d i n t h e m o i s t u r e - d e n s i t y t e s t s conform t o t h e S t a n d a r d P r o c t o r 
Compact ion T e s t , AASHO d e s i g n a t i o n 1 -99 -57 . 
For each p o i n t on t h e m o i s t u r e - d e n s i t y c u r v e f i v e l b s . of d r y s o l i 
were combined w i t h a p r e d e t e r m i n e d amount of w a t e r . N e x t , t h e c o r r e c t 
i n c r e m e n t of c u t b a c k a s p h a l t was combined w i t h t h e s o i l and w a t e r and 
mixed t h o r o u g h l y . Ihe p r e s c r i b e d compac t ion e f f o r t was a p p l i e d , wet d e n s i t y 
d e t e r m i n e d and a r e p r e s e n t a t i v e sample of t h e m i x t u r e was p l a c e d In an oven 
a t 110° C f o r 24- h o u r s f o r l i q u i d c o n t e n t d e t e r m i n a t i o n . The l i q u i d c o n t e n t 
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of each t e s t p o i n t was t hen compared t o t h e w a t e r c o n t e n t of t h e sarae test 
p o i n t s so as t o d e t e r m i n e t h e c o r r e c t i o n f a c t o r r e l a t i n g l i q u i d and wa te r 
c o n t e n t s fo r t h i s p a r t i c u l a r s o i l and i n c r e m e n t of c u t b a c k a s p h . a l e 0 O p t i ­
mum m o i s t u r e c o n t e n t of t h e s o i l was found by a p p l y i n g t h e c o r r e c t i o n 
f a c t o r t o t h e l i q u i d c o n t e n t c o r r e s p o n d i n g t o maximum d r y d e n s i t y . 
E f f e c t of m o i s t u r e c o n t e n t and d e n s i t y on t r i a x i a l s h e a r s t r e n g t h . — T h e 
p r e c e d i n g s e c t i o n of t h i s c h a p t e r d e a l t w i t h t h e e s t a b l i s h m e n t of m o i s t u r e 
d e n s i t y r e l a t i o n s h i p s of s o i I - w a t e r - c u t b a c k a s p h a l t m i x t u r e s . The a p p l i c a ­
t i o n of m o i s t u r e - d e n s i t y i n f o r m a t i o n i s e s s e n t i a l t o p r o p e r p r o p o r t i o n i n g 
of m a t e r i a l s fo r s t r e n g t h e v a l u a t i o n . 
In o r d e r t o o b t a i n a c o n d i t i o n of maximum d e n s i t y a. c e r t a i n amount 
of m o i s t u r e was r e q u i r e d fo r l u b r i c a t i o n of t h e i n d i v i d u a l p a r t i c l e s . This 
m o i s t u r e t h a t i s n e c e s s a r y i n compac t ion may w e l l be d e t r i m e n t a l i n s t r e n g t h , 
e v a l u a t i o n by r e d u c i n g f r a c t i o n a l r e s i s t a n c e be tween g r a i n s and , c o n s e q u e n t l y 
r e d u c i n g t h e s h e a r s t r e n g t h of t h e m a t e r i a l , , Or, i n o t h e r w o r d s , maximum, 
s t r e n g t h , c h a r a c t e r i s t i c s may n o t be c o i n c i d e n t w i t h maximum d e n s i t y 
ch a r ac t e r I s 1 1 c s , 
To d e t e r m i n e t h e e f f e c t of m o i s t u r e c o n t e n t on s t r e n g t h , a s e r i e s 
of c y l i n d e r s were compacted t o maximum, d e n s i t y a t optimum m o i s t u r e c o n t e n t . 
A f t e r ccmpact.io.n_c, t h e s e c y l i n d e r s were s u b j e c t e d t o v a r i o u s d r y i n g e f f o r t s 
r a n g i n g from c o m p l e t e m o i s t u r e l o s s t o c o m p l e t e m o i s t u r e r e t e n t i o n . I t i s 
e v i d e n t from t h e c u r v e in F i g u r e 7 t h a t t r i a x i a l s h e a r s t r e n g t h i n c r e a s e s 
as m o i s t u r e c o n t e n t d e c r e a s e s . Hence, any l e g i t i m a t e means f o r t h e removal 
of m o i s t u r e a f t e r compac t i on would enhance t h e s t r e n g t h c h a r a c t e r i s t i c s of 
t h e s t a b i l i z e d m a t e r i a l i n v o l v e d * C o n v e r s e l y , t h e i n t r u s i o n of m o i s t u r e 
i n t o a s t a b i l i z e d l a y e r a f t e r compac t i on cou ld p r o v e d e t r i m e n t a l from, a 
l oad r e s i s t i n g s t a n d p o i n t . 
F i g u r e 7* E f f e c t o f V a r i o u s D r y i n g E f f o r t s on T r i a x i a l S h e a r 
S t r e n g t h , S o i l I I + 2$ R C - 3 -
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U n f o r t u n a t e l y , modern c o n s t r u c t i o n p r a c t i c e s p r e c l u d e m o i s t u r e l o s s 
a f t e r compac t i on - Only a s m a l l p o r t i o n of t h e compacted m a t e r i a l i s exposed 
and t h e l e n g t h of e x p o s u r e i s s h o r t due t o t h e a p p l i c a t i o n of o t h e r compo­
n e n t s of t h e roadway s y s t e m . C o n s e q u e n t l y , m o i s t u r e and d i l u e n t s p r e s e n t 
a t compac t ion w i l l be t r a p p e d in t h e f i n a l compacted l a y e r of m a t e r i a l , 
A means of c i r c u m v e n t i n g t h i s s i t u a t i o n would be t o min imi se t h e 
m o i s t u r e p r e s e n t a t compac t ion by : 
1) Mixing s o i l and c u t b a c k a s p h a l t a t a m o i s t u r e c o n t e n t l e s s t h a n 
OMC, 
2) Mixing s o i l and c u t b a c k a s p h a l t a t a m o i s t u r e c o n t e n t e q u a l t c 
or ' n ea r OMC and a l l o w i n g t h e m i x t u r e t o "d ry b a c k " p r i o r t o c o m p a c t i o n . 
Of t h e two a l t e r n a t i v e s s u g g e s t e d above , t h e second i s t h e moot 
f e a s i b l e . In t h e m a j o r i t y of t h e s o i l s t e s t e d in t h i s r e s e a r c h , t h e most 
i n t i m a t e mix ing of RC-3 and s o i l o c c u r r e d a t a m o i s t u r e c o n t e n t v e r y c l o s e 
t o opt imum. S e c o n d l y , a p o r t i o n of t h e d i l u e n t s p r e s e n t In RC-3 a r e 
a l l owed t o v o l a t i l i z e d u r i n g t h i s " d r y - b a c k " s t a g e . 
The shape of a m o i s t u r e - d e n s i t y c u r v e i n d i c a t e s t h a t f o r a d e c r e a s e 
i n m o i s t u r e con ten t . , t h e r e i s a c o r r e s p o n d i n g r e d u c t i o n i n d e n s i t y . Th i s 
r e d u c t i o n i n d e n s i t y o c c u r s b e c a u s e , no l o n g e r i s t h e r e s u f f i c i e n t m o i s t u r e 
t t f i l l t h e v o i d s w i t h i n t h e compacted mass and t o p r o v i d e a l u b r i c a t i n g 
medium be tween p a r t i c l e s , A r e d u c t i o n i n d e n s i t y would , i n t u i t i v e l y , 
b r i n g a b o u t a r e d u c t i o n i n s h e a r s t r e n g t h . 
Does t h e i n c r e a s e d s h e a r s t r e n g t h from a r e d a c t i o n i n m o i s t u r e 
c o n t e n t more t h a n o f f s e t t h e a n t i c i p a t e d l o s s i n s h e a r s t r e n g t h r e s u l t i n g 
from a d e c r e a s e i n d e n s i t y ? The answer t o t h i s q u e s t i o n was t h e n u c l e u s 
around which t h e l a b o r a t o r y d e s i g n p r o c e d u r e was formed f o r e v a l u a t i n g t h e 
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s h e a r s t r e n g t h c h a r a c t e r i s t i c s of b i t u m i n o u s s t a b i l i z e d b a s e s and s u b g r a d e s . 
Th i s a rgument i s ba sed on t h e p r e m i s e t h a t p r o p e r d r a i n a g e i s p r o v i d e d 
d u r i n g and a f t e r c o n s t r u c t i o n and no major i n c r e a s e s i n m o i s t u r e c o n t e n t 
due t o c a p i l l a r i t y a r e a n t i c i p a t e d . 
Mixing and compac t ion of t r i a x i a l s h e a r s t r e n g t h c y l i n d e r s . — R C - 3 was 
added t o each s o i l in I n c r e m e n t s of 2 , 4- and 6 p e r c e n t t o t a l c u t b a c k 
a s p h a l t by w e i g h t of d r y s o i l . C o n s i d e r a t i o n was g i v e n t o h e a t i n g t h e 
RC-3 p r i o r t o mix ing w i t h t h e s o i l . However, when h o t c u t b a c k a s p h a l t 
was i n t r o d u c e d t o a s o i l a t room t e m p e r a t u r e 3 t h e m i x t u r e would c o a g u l a t e 
b e f o r e t h o r o u g h mix ing was a c c o m p l i s h e d . C o n s e q u e n t l y , s o i l and RC-3 were 
combined a t room t e m p e r a t u r e t o f a c i l i t a t e t h e d i s t r i b u t i o n of c u t b a c k 
a s p h a l t w i t h i n t h e s o i l m a t e r i a l 
S e v e r a l s e q u e n c e s of mix ing were I n v e s t i g a t e d . Optimum, r e s u l t s 
were o b t a i n e d by s i m u l t a n e o u s l y i n t r o d u c i n g RC-3 and w a t e r t o t h e s o l i . 
At t h e t i m e of i n t r o d u c t i o n , t h e a i r - d r y s o i l was b e i n g a g i t a t e d by t h e 
mixer a t a speed of 14A r e v o l u t i o n s pe r m i n u t e . Mixing was t h e n c o n t i n u e d 
a t t h i s speed w i t h f r e q u e n t s t o p s t o remove m a t e r i a l from t h e b e a t e r and 
t o p r e v e n t c a k i n g around t h e s i d e s of t h e mix ing bowl . T o t a l e lapsed, t ime 
fo r t h e mix ing phase was 10 m i n u t e s . 
Maximum s t a g e samples.—Maximum s t a g e samples as r e f e r r e d t o h e r o , a r e t h e 
t r i a x i a l s h e a r s t r e n g t h spec imens t h a t were compacted a t a d e n s i t y and 
m o i s t u r e c o n t e n t e q u a l t o t h e maximum d e n s i t y and optimum, m o i s t u r e c o n ­
t e n t as o b t a i n e d from t h e S t a n d a r d P r o c t o r compac t ion t e s t . 
An amount of m a t e r i a l s u f f i c i e n t t o make fou r c y l i n d e r s , 2 . 8 i n c h e s 
i n d i a m e t e r and 5<>6 i n c h e s in. h e i g h t was mixed as p r e v i o u s l y d e s c r i b e d . 
A f t e r m i x i n g , maximum s t a g e samples were r e a d y f o r c o m p a c t i o n . Ihe s p a c e r 
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c l i p s a r e p o s i t i o n e d around t h e lower p i s t o n (See F i g u r e 8 ) , The lower 
s l e e v e was t h e n p l a c e d on t o p of t h e s p a c e r c l i p s . The r e l a t i v e d imens ions 
of t h e s p a c e r c l i p s and lower p i s t o n a r e such t h a t t h e lower p i s t o n w i l l 
p r o t u d e i n t o t h e lower s l e e v e , At t h i s p o i n t , a p p r o x i m a t e l y o n e - t h i r d 
of t h e p r e - m i x e d m a t e r i a l r e q u i r e d f o r one sample was p l a c e d In t h e lower 
s l e e v e and rodded l i g h t l y w i t h 2 0 s t r o k e s of t h e t amping RODO The p u r p o s e 
of t h i s r e a d i n g i s t w o - f o l d , F i r s t of a l l , h o r i z o n t a l s h e a r p l a n e s 
d e v e l o p e d by s t a t i c compac t ion a r e r e d u c e d , S e c o n d l y , once t h i s p o r t i o n 
of t h e m a t e r i a l has been rodded t h e s p a c e r c l i p s can be removed w i t h 
f r i . c t i o n . a l r e s i s t a n c e a l o n e s u p p o r t i n g t h e lower s l e e v e . The r e m a i n i n g 
m a t e r i a l r e q u i r e d fo r one sample was t h e n p l a c e d i n t h e lower s l e e v e , 
rodded as b e f o r e and p o s i t i o n e d u n d e r t h e u p p e r p i s t o n a s s e m b l y . 
Compact ion f o r c e was s u p p l i e d through, t h e h y d r a u l i c s y s t e m OF a 
1 2 0 , 0 0 0 l b . c o n t r o l l e d s t r a i n t e s t i n g machine p i c t u r e d i n F i g u r e 4 ° The 
r a t e of s t r a i n was . 0 3 5 I n c h e s pe r rnin'trte, With t o e s p a c e r c l i p s REMOVED 
both, p i s t o n s a r e f r e e t o move i n a v e r t i c a l p l a n e t h u s p r o v i d i n g compac t ion 
FROM t h e t o p and BOTTOM OF t h e sample s i m u i t a n e o u s L y 9 The t o t a l amount 
OF m a t e r i a l p l a c e d i n t h e lower s l e e v e was such t h a t when t h e uppe r and 
lower p i s t o n s were 5»-6 i n c h e s a p a r t , t h e ma t e r i . a l be tween t h e s e p i s t o n s 
would be compacted t o t h e d e s i r e d d e n s i t y . 
A f t e r compac t i on t h e lower s l e e v e was p l a c e d on t h e e x t r u d i n g j a c k . 
The u p p e r p i s t o n f o r c e d t h e compacted c y l i n d e r down and o u t from, t h e lower 
s l e e v e ; a sample i d e n t i f i c a t i o n t a g was a t t a c h e d and t h e c y l i n d e r s e a l e d 
i n a p o l y e t h y l e n e f r e e z e r b a g . Dur ing c o m p a c t i o n , two r e p r e s e n t a t i v e 
samples were t a k e n fo r m o i s t u r e c o n t e n t d e t e r m i . n a t i o n . 
Dry-back s t a g e s a m p l e s . — D r y - b a c k s t a g e samples as r e f e r r e d t o h e r e a r e 
t h e t r i a x i a l s h e a r s t r e n g t h spec imens t h a t a r e compacted on t h e "dry'* s i d e 
of t h e m o i s t u r e - d e n s i t y c u r v e as o b t a i n e d from, t h e S t a n d a r d P r o c t o r compac­
t i o n t e s t . I f t h e q u a n t i t y of s e l l p e r m i t t e d , two d r y - b a c h s t a g e s were 
compacted fo r each of t h e maximum s t a g e s „ Th i s s y s t e m aff( r 'ded a t o t a l 
of t h r e e s h e a r s t r e n g t h d e t e r m i n a t i o n s f o r each c o m b i n a t i o n of s o i l ana 
RC-3o 
The p r o c e d u r e f o r compac t ing d r y - b a c k s t a g e samples was v e r y s i m i l a r 
to t h e p r o c e d u r e d e s c r i b e d fo r t h e compac t ion of maximum t a g e s a m p l e s . 
However, an e x t r a f i v e l b s „ of m a t e r i a l was added a t mix ing so t h a t i n 
a d d i t i o n t o t h e m a t e r i a l r e q u i r e d fo r four samples t h e r e was s u f f i c i e n t 
m a t e r i a l fo r one t e s t p o i n t of t h e S t a n d a r d P r o c t o r compac t ion t e s t . 
A f t e r m i x i n g , t h e m a t e r i a l , was p l a c e d i n 12 x 24, x 3 Inch meta l 
t r a y s . Ai r was c i r c u l a t e d a c r o s s t h e s e t r o y s by an e l e c t r i c fan as seen 
on F i g u r e 9 . At t h e same t i m e t h e m i x t u r e was s t i r r e d c o n s t a n t l y w i t h a 
s m a l l t r o w e l so as t o avo id n o n - u n i f o r m d r y i n g . The l e n g t h of t ime of 
t h i s a e r a t i o n p r o c e s s i s d e p e n d e n t on t h e d e s i r e d m o i s t u r e c o n t e n t a t com­
p a c t Ion ? i . e . , t h e d e s i r e d d r y - b a c k s t a g e . The l e n g t h of t i m e r e q u i r e d 
t o o b t a i n a p a r t i c u l a r m o i s t u r e c o n t e n t i s a f u n c t i o n of t h e s e l l type 
and c u t b a c k a s p h a l t c o n t e n t ; c l a y e y m a t e r i a l s a r e r e l u c t a n t t o g i v e up 
m o i s t u r e and r e q u i r e more t ime for a e r a t i o n ; h i g h a s p h a l t ( i n t e n t s a l s o 
i n h i b i t m o i s t u r e l o s s . The b e s t g u i d e as t o length , of a e r a t i o n I s f a m i l ­
i a r i t y w i t h t h e m a t e r i a l s i n v o l v e d . However^ on t h e s p o t m o i s t u r e a p p r o x ­
i m a t i o n s u t i l i z i n g t h e Speedy M o i s t u r e T e s t e r s e r v e s usefu l : p u r p o s e 
a l o n g t h i s l i n e . 
I f t h e e x a c t v a l u e of t h e m o i s t u r e c o n t e n t were known a t t h e t e r m i n a ­
t i o n of t h e d r y - b a c k s t a g e , t h i s v a l u e c o u l d be compared t o a m o i s t u r e -
d e n s i t y c u r v e and t h e a p p r o p r i a t e d e n s i t y s e l e c t e d for compact i o n . Al though 
a c c u r a t e m o i s t u r e c o n t e n t d e t e r m i n a t i o n i s a s i m p l e p rocedure , , I t i s 11 me 
Figure 1 0 . Storage Cabinet fo r T r i a x i a l Shear Strength Specimens. 
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c o n s u m i n g and w o u l d c a u s e u n t i m e l y d e l a y s . T h e r e f o r e , a S t a n d a r d P r o c t o I 
C o m p a c t i o n t e s t I s r u n on t h e m a t e r i a l t o d e t e r m i n e t h e c o r r e c t d e n s i t y 
c o r r e s p o n d i n g t o t h e m o i s t u r e c o n t e n t a t t e r m i n a t i o n o f t h e d r y - b a c k , s t a g e . 
T h e p r o c e d u r e f o r c o m p a c t i o n , o f t r i a x i a l s h e a r s t r e n g t h s a m p l e s i n 
a d r y - b a c k s t a g e was t h e same as t h a t d e s c r i b e d u n d e r maximum, s t a g e s a m p l e s . 
C u r i n g . — A s t a b i l i z e d b a s e o r s u b g r a d e i n a modern h i g h w a y c o n s t r u c t i o n 
p r o j e c t i s o n l y o n e c o m p o n e n t o f many c o n s t i t u t i n g t h e f i n a l c r o s s - s e c t i o n . 
I t c a n b e r e a s o n e d from, t h i s t h a t t i m e i s o f e s s e n c e i n c u r i n g s t a b i l i z e d 
b a s e s and s u b g r a d e s s o as t o a l l o w t h e a p p l i c a t i o n o f t h e r e m a i n i n g c o m ­
p o n e n t s o f t h e h i g h w a y s t r u c t u r e . A p p l y i n g o n e oi : t h e s e c o m p o n e n t s s u c h 
as a c o n c r e t e o r b i t u m i n o u s w e a r i n g c o u r s e v i r t u a l l y s e a l s t h e s t a b i l i z e d 
m a t e r i a l f r o m e x p o s u r e t o t h e e l e m e n t s , w i t h , t h e e x c e p t i o n o f n o r m a l 
f l u c t u a t i o n s o f g r o u n d w a t e r . 
I n k e e p i n g w i t h a p r i n c i p l e d i s c u s s e d i n t h e b e g i n n e r q o f t h i s 
c h a p t e r , t h e c u r i n g e f f o r t a p p l i e d t o t e s t s p e c i m e n s i n t h i s r e s e a r c h was 
s e l e c t e d s o as t o c l o s e l y a p p r o x i m a t e t h e c o n s t r u c t i o n , t e c h n i q u e s o f f i e l d 
c u r i n g . A f t e r c o m p a c t i o n , t r i a x i a l s h e a r s t r e n g t h s a m p l e s w e r e s e a l e d i n 
p o l y e t h y l e n e f r e e z e r b a g s s o as t o m i n i m i z e m o i s t u r e l o s s . T h e s e S e a l e d 
s a m p l e s w e r e t h e n s t o r e d in. a c a b i n e t f o r a p e r i o d o f 7 d a y s . T h e f u n c t i o n 
o f t h i s 7 d a y p e r i o d was t o f a c i l i t a t e o r d e r l y s c h e d u l i n g o f l a b o r a t o r y 
w o r k . 
No a t t e m p t was made t o r e g u l a t e t e m p e r a t u r e o r h u m i d i t y w i t h i n t h e 
s t o r a g e c a b i n e t . T h e c u r i n g c a b i n e t c o m p l e t e w i t h , t r i a x i a l s h e a r s t r e n g t h 
s a m p l e s i s shown i n F i g , 1 0 , 
T r i a x i a l s h e a r s t r e n g t h t e s t i n g „ — C o n f i n e d and u n c c a l i n e d c c m p r e o s 5 v e 
s t r e n g t h e v a l u a t i o n s w e r e made on e a c h s o i l and e a c h t e s t i n c r e m e n t o f R C - 3 
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f o r b o t h m a x i m u m a n d d r y - b a c k : s t a g e s . L a t e r a l p r e s s u r e e q u a l t o 20 p s i 
w a s d e v e l o p e d b y i n t r o d u c i n g c o m p r e s s e d a i r i n t o a s e a l e d p l e x i g l a s s 
c y l i n d e r . T h i n r u b b e r m e m b r a n e s w e r e p l a c e d a r o u n d c o n f i n e d c o m p r e s s i v e 
s t r e n g t h , s a m p l e s . 
S t r a i n m e a s u r e m e n t s w e r e r e c o r d e d i n i n c r e m e n t s o f .025 i n c h e s 
u s i n g a n Ames d i a l a t t a c h e d t o t h e t r i a x i a l c e l l . 
T h e r a t e o f l o a d i n g c o r r e s p o n d e d t o 0 .75 i n c h e s p e r m i n u t e o f v e r ­
t i c a l h e a d t r a v e l . A f t e r c o m p l e t i o n o f t h e t r i a x i a l s h e a r t e s t a m o i s t u r e 
c o n t e n t s a m p l e w a s r e m o v e d from, e a c h t e s t c y l i n d e r . 
F i g . 5 s h o w s a t r i a x i a l s h e a r t e s t i n p r o g r e s s . 
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CHAPTER IV 
I ( A - 4 - ( 0 ) ) d e c r e a s e d d e c r e a s e d 
I I ( A - 2 - 4 ( 0 ) ) i n c r e a s e d t h e n d e c r e a s e d i n c r e a s e d 
I I I ( A - 3 - ( 0 ) ) i n c r e a s e d t h e n d e c r e a s e d i n c r e a s e d 
IV ( A - 4 - ( 4 ) ) d e c r e a s e d d e c r e a s e d 
VI ( A - l - a ( O ) ) d e c r e a s e d I n c r e a s e d 
VII ( A - 4 - ( 0 ) ) d e c r e a s e d d e c r e a s e d 
V I I I ( A - 7 - 5 ( 1 5 ) ) i n c r e a s e d t h e n d e c r e a s e d c o n s t a n t 
IX ( A - 5 ( 8 ) ) dec reased . c o n s t a n t 
EVALUATION OF TEST RESULTS 
G e n e r a l , — I t was t h e I n t e n t i o n of t h e p r e c e d i n g l a b o r a t o r y t e s t i n g p r o ­
c e d u r e t o make optimum u s e of RC-3 as a s t a b i l i z i n g a d m i x t u r e f o r s o i l 
c o n s t r u c t i o n . The c r i t e r i a upon which t h e m e r i t s of t h i s a d m i x t u r e were 
e v a l u a t e d was p r i m a r i l y c o m p r e s s i v e s t r e n g t h d a t a . No doubt t h e r e a r e 
b e n e f i c i a l c h a r a c t e r i s t i c s of c u t b a c k a s p h a l t such as w a t e r p r o o f i n g 
c a p a b i l i t i e s t h a t a r e n o t r e f l e c t e d i n r e s u l t s of t r i a x i a l s h e a r t e s t s , 
M o i s t u r e - D e n s i t y . — T h e r e s u l t s of t h e m o i s t u r e - d e n s i t y d e t e r m i n a t i o n s a r e 
p r e s e n t e d in. t a b u l a r form i n Tab l e 2 , The i n f o r m a t i o n con ta ined , i n t h i s 
t a b l e i n c l u d e s maximum d r y d e n s i t y (.M„D 0D.)j optimum l i q u i d c o n t e n t ( 0 , L„C<>) 
and optimum m o i s t u r e c o n t e n t ( O J . D ) f o r each s o i l combined w i t h 2 , 4 
and 6 p e r c e n t RC-3 , Any b l a n k columns i n t h i s t a b l e i n d i c a t e an i n s u f ­
f i c i e n t q u a n t i t y of m a t e r i a : , t o c o m p l e t e t h e m o i s t u r e - d e n s i t y s e r i e s . 
The o v e r a l l e f f e c t af t h e a d d i t i o n of RC-3 on t h e m o i s t u r e - d e n s i t y 
c h a r a c t e r i s t i c s of a p a r t i c u l a r s o i l can be e v i d e n c e d i n t h e f o l l o w i n g 
summary t a b l e , 
A AS HO 
S o i l No, D e s i g n a t i o n Maximum Dry D e n s i t y Optimum M o i s t u r e C o n t e n t 
Tab le 2 . Maximum Dry D e n s i t y , Optimum L i q u i d C o n t e n t 
and Optimum M o i s t u r e C o n t e n t f o r S o i l s I - IX 
Combined w i t h 2, 4 and 6% RC-3 
R C - 3 ( 5 0 0 2 4 6 
S o i l 
M.D.D. 
# /FT3 
O . M . C . M.D.D. 
*/FT3 
0 c L . C . 
% , 




O . L . C . 
i 
O . M . C . M.D.D. 
#/FT3 
O . L . C . 
% 
O . M . C . 
% 
I 1 2 1 , 2 1 2 . 0 1 2 0 , 0 1 1 . 3 1 0 . 8 1 1 8 . 4 1 1 . 0 1 0 . 3 1 1 6 . 6 1 0 . 5 9 , 8 
I I 1 1 9 , 1 1 0 . 3 1 2 2 . 1 1 0 . 4 9 , 9 1 2 1 . 5 9 . 5 9 , 0 1 2 1 . 2 8 . 5 8 . 0 
I I I 101 .0 9 . 5 104 .2 1 2 . 0 1 1 , 7 1 0 6 . 8 1 1 . 0 1 0 , 7 — — — 
I V 1 1 4 . 2 1 4 . 6 1 1 3 , 1 1 4 . 6 1 4 . 2 1 1 2 . 7 .13.5 1 3 . 0 1 1 1 . 9 1 3 . 5 1 3 . 0 
V : 1 1 0 , 2 14 = 7 1 0 6 . 8 1 5 . 6 1 5 , 2 1 0 8 . 4 1 3 . 8 1 3 o 2 1 0 7 , 5 1 2 . 7 1 2 , 0 
V I I 1 1 7 . 4 1 3 . 0 1 1 3 . 4 1 3 . 5 1 3 = 0 1 1 2 . 1 1 2 . 5 1 1 . 9 1 1 0 . 4 1 3 . 5 1 2 . 8 
V I I I 8 8 , 7 3 0 . 9 9 1 . 4 2 6 . 1 2 5 . 5 9 2 . 3 2 5 . 8 2 5 = 5 9 0 , 4 2 6 * 5 2 5 . 8 
I X 1 0 0 . 4 2 2 . 4 9 6 , 8 2 3 . 5 2 3 , 0 9 4 - 0 2 4 . 0 2 3 . 5 9 4 . 5 2 3 . 0 2 2 . 6 
An I n s p e c t i o n of t h e p r e c e d i n g t a b l e i n d i c a t e s t h a t no broad s t a t e ­
ment can be made c o n c e r n i n g t h e e f f e c t of RC-3 on t h e m o i s t u r e - d e n s i t y 
c h a r a c t e r i s t i c s of a s o i l m a t e r i a l * However, by c o r r e l a t i n g t h e v a r i a t i o n 
in maximum d e n s i t y w i t h t h e g r a d a t i o n c h a r a c t e r i s t i c s of each s o i l a 
s i g n i f i c a n t r e l a t i o n s h i p i s ob t a ined , , Each s o i l t h a t I n c r e a s e d i n d e n s i t y 
( I I , I I I and V I I I ) has t h e same g e n e r a l g r a d a t i o n c h a r a c t e r i s t i c ( u n i f o r m i t y ) . 
A u n i f o r m g r a d a t i o n i n d i c a t e s t h a t t h e m a j o r i t y of t h e i n d i v i d u a l p a r t i c l e s 
have much t h e same s i z e . T h e r e f o r e , c e r t a i n p a r t i c l e s i z e s r e q u i r e d t o 
f i l l v o i d s c r e a t e d by l a r g e r p a r t i c l e s a r e l a c k i n g . Th i s l e a d s t o low 
d e n s i t i e s fo r u n i f o r m l y g raded m a t e r i a l s when compared w i t h w e l l - g r a d e d 
s o i l s - The e x t e n t t o which t h i s u n i f o r m i t y a f f e c t s d e n s i t y would depend 
on. t h e d i a m e t e r of t h e u n i f o r m p a r t i c l e s , w i t h t h e e f f e c t d i m i n i s h i n g as 
p a r t i c l e s i z e d e c r e a s e s . 
Hence, any a d m i x t u r e t h a t cou ld s e r v e t o f i l l t h e s e v o i d s would i n 
e f f e c t c o n t r i b u t e t o t h e d e n s i t y of t h e c o m b i n a t i o n of m a t e r i a l s . 
C o n v e r s e l y , t h e a d d i t i c n of c u t b a c k a s p h a l t t o a w e l l g r aded m a t e ­
r i a l such as S o i l s I , IV, VI , VII. and IX cou ld d e c r e a s e maximum d e n s i t y 
by p r e v e n t i n g i n t i m a t e g r a i n c o n t a c t of so i l , p a r t i c l e s . 
In summary, w e l l - g r a d e d s o i l s showed a d e c r e a s e i n d e n s i t y w h i l e 
t h e d e n s i t y of u n i f o r m l y g r aded s o i l s was i n c r e a s e d by t h e a d d i t i o n of 
RC-3-
Conf ined and u n c o n f i n e d c o m p r e s s i v e s t r e n g t h r e s u l t s of maximum s t a g e s a m p l e s , — 
Maximum s t a g e samples a r e t h e t r i a x i a l s h e a r s t r e n g t h spec imens compacted 
a t a d e n s i t y and m o i s t u r e c o n t e n t e q u a l t o t h e maximum d e n s i t y and o p t i ­
mum m o i s t u r e c o n t e n t as o b t a i n e d from t h e S t a n d a r d P r o c t o r compac t ion t e s t . 
Any samples t h a t were compacted a t a. m o i s t u r e c o n t e n t o u t s i d e a r a n g e of 
3 5 
±1,0 p e r c e n t a t OMC were r e j e c t e d „ Each s t r e n g t h v a l u e r e c o r d e d r e p r e ­
s e n t s t h e a v e r a g e of two samples« In no i n s t a n c e was t h e d e v i a t i o n , 
be tween t h e s e two s t r e n g t h v a l u e s of enough s i g n i f i c a n c e t o w a r r a n t r e j e c ­
t i o n o 
Conf ined and u n c o n f i n e d c o m p r e s s i v e s t r e n g t h , v a l u e s f o r maximum 
s t a g e samples a r e p r e s e n t e d i n t a b u l a r form In T a b l e 3» G r a p h i c i l l u s t r a ­
t i o n of t h e v a r i a t i o n i n s t r e n g t h w i t h i n c r e a s i n g RC-3 c o n t e n t f o r maximum 
s t a g e samples i s p r e s e n t e d i n F i g u r e s 1 1 t h r o u g h 1 7 . . 
I f RC-3 i s combined w i t h a s o i l and c o n p a c t e d a t rnaximum d e n s i t y 
and optimum m o i s t u r e c o n t e n t , no s t r e n g t h g a i n s of s i g n i f i c a n c e w i l l r e s u l t . 
In t h e m a j o r i t y of s o i l s t e s t e d , c o m p r e s s i v e s t r e n g t h r e m a i n e d c o n s t a n t , 
o r i n some c a s e s d e c r e a s e d s l i g h t l y . The e x c e p t i o n t o t h i s s i t u a t i o n was 
S o i l V I I I which showed an i n c r e a s e i n s t r e n g t h , of 50 p e r c e n t when combined 
w i t h RC-3 and compacted a t maximum d e n s i t y and optimum m o i s t u r e c o n t e n t . 
C o m p r e s s i v e s t r e n g t h v a l u e s of d r y - b a c k s t a g e samples compared w i t h 
maximum s t a g e samples„—A compar i son of c o m p r e s s i v e s t r e n g t h v a l u e s f o r 
maximum s t a g e and d r y - b a c k samples i s p r e s e n t e d i n F i g u r e s 18 t h r o u g h 3 7 ° 
These f i g u r e s a r e e s s e n t i a l l y composed of t h r e e r e l a t i o n s h i p s . S u p e r ­
imposed on t h e m o i s t u r e - d e n s i t y c u r v e f o r each s o i l and each. RC-3 
I n c r e m e n t a r e b a r g r a p h s r e p r e s e n t i n g c o n f i n e d and u n c o n f i n e d c o m p r e s s i v e 
s t r e n g t h v a l u e s . The h o r i z o n t a l d o i t e d l i n e e x t e n d i n g o v e r t h e l e f t 
p o r t i o n of t h e f i g u r e r e p r e s e n t s t h e c o n f i n e d c o m p r e s s i v e s t r e n g t h of 
t h e s o i l w i t h no a d m i x t u r e , compacted a t maximum d e n s i t y and optimum 
m o i s t u r e . The m a t e r i a l was p r e s e n t e d In t h i s manner so as t o a f f o r d an 
ea sy compar i son of t h e e f f e c t of " d r y - b a c k " s t a g e c o m p a c t i o n . 
The c o m b i n a t i o n of S o i l I and RC-3 compacted a t a maximum s t a g e 
f a i l e d t o y i e l d s t r e n g t h v a l u e s as h i g h as t h o s e fo r t h e s o i l w i t h 
36 
SO 





i 1 j 
3 4 
RC-3 CONTENT {%) 
F i g u r e 1 1 . V a r i a t i o n i n D e v i a t o r S t r e s s w i t h I n c r e a s i n g RC -3 C o n t e n t , 
S o i l I . Top Curve Q = 20 p s i , Bottom Curve 
*3 













RC-3 CONTENT (%) 
F i g u r e 1 2 . V a r i a t i o n i n D e v i a t e r S t r e s s w i t h I n c r e a s i n g RC-3 C o n t e n t , 
S o i l I I . Top Curve = 2 0 p s i . Bottom Curve Q> = 0 . 
\ 3 
••••/ 
F i g u r e 13- V a r i a t i o n In D e v i a t o r S t r e s s w i t h I n c r e a s i n g RC-3 C o n t e n t , 
S o i l IV. Top Curve Q„, = 20 p s i , Bottom Curve Q = 0. 
0 o 
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F i g u r e lk. V a r i a t i o n i n D e v i a t o r S t r e s s w i t h I n c r e a s i n g RC-3 C o n t e n t , 




RC-3 CONTENT {%) 
F i g u r e 15". V a r i a t i o n i n D e v i a t o r S t r e s s wo t h I n c r e a s i n g RC-3 Con ten t 
S o i l V I I . Top Curve Q = 20 p s i , Bottom Curve Q_, = 0. 
3 3 
3 9 
F i g u r e l 6 . V a r i a t i o n i n D e v i a t o r S t r e s s w i t h I n c r e a s i n g RC-3 C o n t e n t , 
















RC-3 CONTENT {%) 
F i g u r e IT- V a r i a t i o n i n D e v i a t o r S t r e s s w i t h I n c r e a s i n g RC-3 C o n t e n t , 
S o i l IX. Top Curve Q = 20 p s i , Bottom Curve Q = 0. 
Tab le 3 , Conf ined and Unconf ined Compress ive S t r e n g t h 
Values ( p s i ) f o r Maximum S t a g e Samples 
RC-3(%) 0 2 6 
S o i l 20 . _ 0 _ 20 0 20 0 20 
1 32o0 6 2 , 0 3 8 . 0 64 .5 3 9 . 4 54=1 3 0 , 0 4 6 . 0 
I I 15*0 8 5 , 2 1 0 , 0 7 2 . 0 13 ,0 6 1 , 0 14 .0 6 4 . 0 
I I I — — — — -- — l . i 4 3 . 0 
IV 33 = 0 5 8 , 0 2 6 . 3 4 7 . 0 3 2 . 4 6 1 . 4 3 1 . 0 55*0 
VI 3 ^ . 0 8 9 , 0 1 9 . 4 3 2 , 9 3 4 . 0 8 6 . 3 3 5 . 9 9 1 . 9 
VII 4 2 , 0 6 8 , 0 3 3 . 8 6 0 . 2 5 2 . 4 8 3 . 6 4 4 . 0 6 5 . 7 
V I I I 4 7 , 0 5 6 , 2 4 9 . 1 8 4 , 5 4 8 . 0 8 3 . 2 4 7 . 0 7 3 . 2 
TX 32o0 5 6 , 0 3 5 . 1 6 1 . 8 3 4 . 9 6 3 . 7 3 6 . 0 4 6 , 2 
NOTE: 0 and 20 i n d i c a t e c o n f i n i n g p r e s s u r e ( c O i n p s i . 
4J 
n o a d m i x t u r e . H o w e v e r , S o i l I p l u s 2 p e r c e n t RC -3 d r i e d b a c k t o 6 , 8 p e r 
c e n t s h o w e d a s t r e n g t h i n c r e a s e o f 9 0 p e r c e n t o A g e n e r a l t r e n d c a n b e 
o b s e r v e d i n S o i l I p l u s RC -3 t h a t i s e v i d e n c e d i n o t h e r s o i l s a l s o . T h e 
d r i e r t h e m a t e r i a l i s a t c o m p a c t i o n , t h e h i g h e r t h e s t r e n g t h v a l u e s a r e 
w h e n c o m p a r e d t o t h e m a x i m u m s t a g e s a m p l e s f o r t h e p a r t i c u l a r c o m b i n a t i o n 
o f m a t e r i a l s . T h i s w a s t r u e in. S o i l I p l u s 2 , 4 a n d 6 p e r c e n t RC -3 . . 
H o w e v e r , o p t i m u m r e s u l t s w e r e o b t a i n e d w i t h 2 p e r c e n t R C - 3 , 
A l a r g e q u a n t i t y o f S o i l s I I . I I I a n d IV w a s e x p e n d e d i n d e v e l o p i n g 
t h e l a b o r a t o r y d e s i g n p r o c e d u r e . H e n c e , c o m p l e t e a p p l i c a t i o n o f m a x i m u m 
a n d d r y - b a c k s t a g e s t r e n g t h , e v a l u a t i o n s c o u l d n o t b e m a d e * 
T h e a d d i t i o n o f R C - 3 t o S o i l I I r e d u c e d t h e s t r e n g t h s l i g h t l y . O n l y 
o n e d r y - b a c k s t a g e w a s c o m p a c t e d ( a t /+% R C - 3 ) a n d t h i s s t a g e f a i l e d t o 
e q u a l t h e s t r e n g t h o f t h e s o i l w i t h , n o a d m i x t u r e . 
P r o b l e m s i n s a m p l e c o m p a c t i o n w e r e e n c o u n t e r e d w i t h S o i l I I I , a 
u n i f o r m b e a c h s a n d . Max imum s t a g e s t r e n g t h s a m p l e s l a c k e d s u f f i c i e n t 
s t r e n g t h t o e n a b l e t r i a x i a l s h e a r t e s t i n g , H e n c e . , t h e r e i s n o c u r v e f o r 
S o l i I I I , m a x i m u m s t a g e , s a m p l e s * H o w e v e r , a t o t a l o f f o u r d r y - b a c k s t a g e s 
w e r e c o m p l e t e d , t h e r e s u l t s o f w h i c h a r e s h o w n in. F i g u r e s 22 and. 2 3 , M a x i ­
mum, s t r e n g t h o c c u r r e d a t 2 p e r c e n t a n d 4 p e r c e n t R C - 3 c o n t e n t w h e n d r i e d 
b a c k t o a l i q u i d c o n t e n t o f 5 , 3 p e r c e n t . 
S t r e n g t h s a m p l e s c o m p a c t e d a t m a x i m u m d e n s i t y a n d o p t i m u m , m o i s t u r e 
c o n t e n t f o r S o i l IV p l u s R C - 3 I n d i c a t e d a n o v e r a l l r e d u c t i o n i n s t r e n g t h 
w h e n c o m p a r e d t o t h e s t r e n g t h v a l u e s o f S o i l IV w i t h n o a d m i x t u r e . B u t , 
S o i l IV p l u s 2 p e r c e n t R C - 3 d r i e d b a c k t o 1 0 0 9 p e r c e n t l i q u i d , c o n t e n t 
u n d e r w e n t a c o n s i d e r a b l e s t r e n g t h , g a i n a s s e e n , i n f i g u r e 24° 
As m e n t i o n e d p r e v i o u s l y , S o i l V w a s n o t a v a i l a b l e f o r t h i s i n v e s t i ­
g a t i o n . 
F i g u r e 1 8 . Comparison of Dry-Back S t a g e s and Maximum S t a g e } 
S o i l I + 2% RC-3-
F i g u r e 1 9 . Comparison of Dry-Back S t a g e s and Maximum S t a g e , 
S o i l I + k fo RC-3-
A3 
LIQUID CONTENT (%) 
F i g u r e 2 0 . C o m p a r i s o n o f D r y - B a c k S t a g e s a n d Maximum S t a g e , 
S o i l I + 6f0 R C - 3 -
F i g u r e 2 1 . C o m p a r i s o n o f D r y - B a c k S t a g e s a n d Maximum S t a g e , 
S o i l I I + k% R C - 3 -
F i g u r e 2 2 . Comparison of Dry-Back S t a g e s and Maximum S t a g e , 
S o i l I I I + 2 $ RC-3-
F i g u r e 23' . Comparison of Dry-Back S t a g e s and M ximurri S t a g e , 
S o i l I I I + h-io RC-3-
45 
F i g u r e 25- Comparison of Dry-Back S t a g e s and Maximum S t a g e , 
S o i l IV + kfo RC-3-
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F i g u r e 2 6 . Comparison of Dry-Back S t a g e s and Maximum S t a g e , 
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F i g u r e 27- Comparison of Dry-Back S t a g e s and Maximum S t a g e , 
S o i l V T + H RC-3-
4-7 
FIGURE 20 . COMPARISON OF DRY-BO.CK STAGES AND MAXIMUM STAGE, 
SOIL VII + 2% RC-3-
F i g u r e | 0 ' . Comparison of Dry-Back Scages •-.rid Maximum S t a g e , 
S o i l VII + kfo RC-3 • 
F i g u r e 31. Comparison of Dry-Back S t a g e s and Maximum S t a g e , 
S o i l VII -f 6'tfo RC-3-
F i g u r e 3.3* C o m p a r i s o n o f D r y - B a c k S t a g e s a n d Maximum S t a g e , 
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Figure 3̂ . Comparison of Dry-Back Stages arid Maximum Stage, Soil VIII Si RC-3* 
LIQUID CONTENT (%) 
Figure 3o- Comparison or Jjry-Baek Stages and Maximum Stage Soil IX + 2fo RC-3. 
:"d 
LIQUID CONTENT (%) 
F i g u r e 36. Comparison of Dry-Back S t a g e s and Maximum S t a g e , 
S o i l IX + k<f> RC-3-
F i g u r e 37- Comparison of Dry-Back S t a g e s and Maximum S t a g e , 
S o i l IX + 6fo RC-3-
52 
S o i l VI e x p e r i e n c e d a marked r e d u c t i o n i n s t r e n g t h when combined 
w i t h 2 pe r c e n t RC-3 and compacted i n a maximum s t a g e . However, t h i s 
r e d u c t i o n i n s t r e n g t h was r e g a i n e d a t 4 and 6 p e r c e n t RC-3* Dry-back 
s t a g e s had a n e g l i g i b l e e f f e c t on s t r e n g t h v a l u e s , 
A s t r e n g t h g a i n was e v i d e n c e d f o r S o i l VII combined w i t h 4 p e r c e n t 
RC-3 and compacted a t maximum d e n s i t y and optimum m o i s t u r e . Dry-back 
s t a g e s had a n e g l i g i b l e e f f e c t on s t r e n g t h , v a l u e s , 
A s t r e n g t h g a i n was e v i d e n c e d fo r S o i l VII combined w i t h 4 p e r c e n t 
RC-3 and compacted a t maximum d e n s i t y and optimum m o i s t u r e , Dry-back s t a g e 
compac t ion was s u c c e s s f u l i n t h a t s i g n i f i c a n t i n c r e a s e s i n s t r e n g t h were 
r e a l i z e d . An i n s p e c t i o n of f i g u r e 29 and F i g u r e 30 i n d i c a t e s t h a t optimum 
r e s u l t s were o b t a i n e d a t 2 p e r c e n t RC-3 compacted a t a l i q u i d c o n t e n t c f 
8 ,4 pe r c e n t and a t 4 p e r c e n t RC-3 d r i e d back t o 9 , 7 p e r c e n t . In a 
s i t u a t i o n such as t h i s t h e optimum c u t b a c k a s p h a l t c o n t e n t i s o b v i o u s l y 
2 p e r c e n t . 
The s t a t e of G e o r g i a has an abundan t s u p p l y of p l a s t i c , r e d c l a y s 
t h a t p o s s e s s a d e q u a t e s t r e n g t h , p r o p e r t i e s i f m o i s t u r e c o n t e n t I s c o n t r o l l e d 
t o w i t h i n r e a s o n a b l e l i m i t s . S o i l V I I I i s r e p r e s e n t a t i v e of t h i s g roup 
Combining c u t b a c k a s p h a l t w i t h S o i l V I I I i n c r e a s e d s t r e n g t h v a l u e s as much 
as 65 pe r c e n t (See F i g u r e 3 2 ) , In e v e r y s t a g e , w h e t h e r maximum, o r d r y -
back t h e c o m p r e s s i v e s t r e n g t h of S o i l V I I I was enhanced by t h e a d d i t i o n , 
of c u t b a c k a s p h a l t . The optimum RC-3 c o n t e n t f o r S o i l V I I I was 2 p e r c e n t . 
S o i l IX, a m o d e r a t e l y p l a s t i c , s i l t y c l a y , r e a c t e d in. much, t h e same 
manner as S o i l V I I I when combined w i t h RC-3 . S l i g h t I n c r e a s e s i n s t r e n g t h 
were r e a l i z e d a t maximum s t a g e compac t ion w h i l e f u r t h e r i n c r e a s e s were 
n o t i c e a b l e i n d r y - b a c k s t a g e s . Once a g a i n , optimum. RC-3 c o n t e n t was 2 
p e r c e n t . 
53 
C o h e s i o n (c ) and a n g l e of i n t e r n a l f r i c t i o n gf .—Graphica1 r e p r e s e n t a t i o n 
of t h e e q u a t i o n s f o r s h e a r and normal s t r e s s on a p l a n e i n c l i n e d a t some 
a n g l e w i t h t h e h o r i z o n t a l r e s u l t i n a s e r i e s of s e m i - c i r c l e s of i n c r e a s i n g 
r a d i u s . Th i s r e p r e s e n t a t i o n , known as Mohr ' s d i a g r a m , y i e l d s r e a d i l y 
a v a i l a b l e v a l u e s of two i m p o r t a n t s t r e n g t h p a r a m e t e r s i n s o i l c o n s t r u c t i o n „ 
The c o h e s i o n (c) of a s o i l i s t h e y - a x i s i n t e r c e p t of a l i n e drawn m u t u a l l y 
t a n g e n t t o each s e m i - c i r c l e . The i n c l i n a t i o n of t h i s t a n g e n t w i t h t h e 
h o r i z o n t a l i s t h e a n g l e of I n t e r n a l f r i c t i o n , 0. 
To s u c c e s s f u l l y d e s c r i b e t h e s e two s t r e n g t h p a r a m e t e r s , a t l e a s t 
t h r e e l a t e r a l p r e s s u r e s u s u a l l y s h o u l d be u s e d . In t h i s r e s e a r c h i t was 
found n e c e s s a r y t o l i m i t t h e s e l a t e r a l p r e s s u r e s t o 0 and 20 p s i 0 
Mohr ' s d i ag rams for each s o i l and t e s t i n c r e m e n t of RC-3 f o r b o t h 
t h e maximum and d r y - b a c k s t a g e s a r e i n c l u d e d In t h e append ix as F i g u r e s 
38 t h r o u g h 1 0 1 . 
CHAPTER V 
CONCLUSIONS 
An i n v e s t i g a t i o n o f t h e c h a r a c t e r i s t i c s o f s o f l - w a t e r - R C - 3 m i x t u r e s 
h a s made e v i d e n t t h e f o l l o w i n g c o n c l u s i o n s : 
l a T h e m o i s t u r e c o n t e n t t h a t a f f o r d s b e s t d i s t r i b u t i o n o f s o i l . and. R C - 3 
o c c u r s n e a r OMC f o r m o s t s o i l s 0 
2. T h e a d d i t i o n o f R C - 3 t o w e l l - g r a d e d s o i l s c a u s e s a r e d u c t i o n i n d e n s i t y 
w h i l e an i n c r e a s e i n d e n s i t y o c c u r s when R C - 3 i s c o m b i n e d w i t h a 
u n i f o r m l y g r a d e d s o i l . 
3 . T h e e f f e c t o f R C - 3 on t h e m o i s t u r e r e q u i r e m e n t s o f a s o i l i s v a r i e d 
b u t i n m o s t c a s e s l e s s m o i s t u r e i s r e q u i r e d a t maximum d e n s i t y when 
t h e s o i l i s c o m p a c t e d i n c o m b i n a t i o n w i t h R C - 3 -
Uo T h e c o m p r e s s i v e s t r e n g t h , o f s o i l - w a t e r - R C - 3 m i x t u r e s d e c r e a s e s w i t h a 
d e c r e a s e i n d e n s i t y and i n c r e a s e s w i t h a d e c r e a s e i n m o i s t u r e c o n t e n t . 
5o Maximum s t r e n g t h c h a r a c t e r i s t i c s a r e n o t c o i n c i d e n t w i t h max ..rum d e n s i t y 
c h a r a c t e r i s t i c s . 
60 S t r e n g t h p a r a m e t e r s o f t h e SOILS t e s t e d a r e n o t m a t e r i a l l y i n c r e a s e d 
b y t h e a d d i t i o n o f R C - 3 = 
7 . Maximum b e n e f i t f r o m t h e c o m b i n a t i o n , o f s o i l and R C - 3 c a n b e a c h i e v e d b y : 
a . M i x i n g a t o r n e a r OMC o f t h e s o i l p r o p e r , 
b o A l l o w i n g t h e m i x t u r e t o a e r a t e p r i o r t o c o m p a c t i o n . 0 
c . C o m p a c t i o n a t t h e d r y - b a c K s t a g e t h a t c o i n c i d e s w i t h maximum 
s t r e n g t h . 
8 . T h e o p t i m u m a s p h a l t c o n t e n t v a r i e s w i t h , s o i l t y p e b u t I s g e n e r a l l y 
f o u n d i n t h e r a n g e o f 2 t o 4. p e r c e n t . 
CHAPTER VI 
RECOMMENDATIONS 
T h e f o l l o w i n g r e c o m m e n d a t i o n s a p p l y t o t h e d e s i g n , a n d c o n t r o l o f 
s o i l - b l t u m i n o u o b a s e - 1 a n d s u b g r a d e s s 
l o E a c h s o i l h a s a m o i s t u r e c o n t e n t , u s u a l l y n e a r OMC, t h a t f a c i l i t a t e s 
d i s t r i b u t i o n o f c u t b a c k a s p h a l t „ T h i s m o i s t u r e c o n t e n t c a n b e d e t e r ­
m i n e d b y v i s u a l o b s e r v a t i o n a n d s h o u l d b e p r o v i d e d w h e n m i x i n g s o i l 
a n d R C - 3 o 
2 . T h e m o i s t u r e c o n t e n t a t w h i c h s o i l a n d R C - 3 a r e m i x e d d o e s r u t 
n e c e s s a r i l y c o i n c i d e w i t h t h e m o i s t u r e c o n t e n t c o r r e s p o n d i n g t o 
maximum, s t r e n g t h c h a r a c t e r i s t i c s . T h e r e f o r e in. m o s t c a s e s t h e m i x t u r e 
m u s t b e a e r a t e d u n t i l t h e p r o p e r - s t a g e " i s r e a c h e d , 
3 , F i e l d c o n s t r u c t i o n c a n b e c o n t r o l l e d b y f r e q u e n t d e n s i t y d e t e r m i n a ­
t i o n s d u r i n g t h e a e r a t i o n p r o c e s s u 
4» A f t e r m i x i n g a n d c o m p a c t i o n , a . l i o w a s m u c h f r e e m o i s t u r e a s p o s s i b l e 
t o e v a p o r a t e s i n c e s u b s e q u e n t s t r e n g t h g a i n s w i l l r e s u l t f r o m a n 
i n i t i a l d e c r e a s e i n w a t e r c o n t e n t „ 
T h e f o l l o w i n g r e c o m m e n d a t i o n s a r e m a d e p e r t a i n i n g t o t h e n e e d f o r 
f u r t h e r r e s e a r c h o f t h i s n a t u r e : 
l o A d e f i n i t e n e e d e x i s t s f o r t h e d e t e r m i n a t i o n o f s t r e s s d i s t r i b u t i o n 
b e n e a t h p a v i n g c o m p o n e n t s a n d f o r t h e a p p l i c a t i o n o f s u c h i n f o r m a t i o n 
t o l a t e r a l p r e s s u r e s a n d e n d r e . _ - t r o i r . t s i m p o s e d •-n l a b o r a t o r y s p e c i ­
m e n s o 
2 o F u r t h e r s t u d y j.s n e c e s s a r y t o e v a l u a t e so i l - b j . t u m i n o u s m i x t u r e s from. 
t h e s t a n d p o i n t of w a t e r - t i g h t n e s s and d u r a b i l i t y r a t h e r t h a n on. t h e 
b a s i s of c o m p r e s s i v e s t r e n g t h a l o n e , 
3° The a d v a n t a g e s of d i f f e r e n t g r a d e s of c u t b a c k a s p h a l t as w e l l as t h e 
u s e of e m u l s i o n s must be i n v e s t i g a t e d 11 maximum b e n e f i t i s t o be 
a c h i e v e d from b i t u m i n o u s s t a b i l i z a t l o n o 
APPENDIX 
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F i g u r e | 8 , Mohr Diagram, S o i l I . 
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F i g u r e kO. Mohr Diagram, S o i l I 4- 2$ R C - 3 , S t a g e 1 0 . 0 . 
100 
F i g u r e 4 l . Mohr Diagram, S o i l 1 + 2 % R C - 3 , S t a g e 6 . 8 . 
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C = 14 psi 
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NORMAL STRESS, ̂  (psi) 
F i g u r e 4 3 - Mohr D i a g r a m , S o i l 1 + 4 % R C - 3 ; S t a g e 9 . 5 . 

NORMAL STRESS, a} (psi) 
F i g u r e kj. Mohr Diagram, S o i l 1 + 6 % RC-3, S t a g e 9 - 3 -
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C = 2 psi 
£ = 37° 
0 2 0 4 0 6 0 80 100 1 20 140 1 60 180 
NORMAL STRESS, a , (psi) 
F i g u r e 4 9 . M o h r D i a g r a m , S o i l I I + 2% S t a g e M a x i m u m . 
5 0 
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NORMAL STRESS, a , (psi) 
F i g u r e 5 0 . M o h r D i a g r a m , S o i l I I -F h°Jo R C - 3 , S t a g e M a x i m u m . 
F i g u r e 5 1 . M o h r D i a g r a m , S o i l I I + R C - 3 , S t a g e 9 - 5 -
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Figure 5 7 . Mohr Diagram, S o i l I I I + k$ RC-3. Stage 2 - 7 -
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C = 1 psi 
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NORMAL STRESS, a, (psi) 
F i g u r e 58 . Mohr Diagram, S o i l I I I + 6% R C - 3 , S t a g e 3 - 2 . 
c = 12 psi 
9 = 22° 
\ 
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F i g u r e 5 9 . Mohr Diagram, S o i l IV . 
5 0 
c - 10 psi 
V = 19° 
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NORMAL STRESS, a ] (psi) 
F i g u r e 6 0 . M o h r D i a g r a m , S o i l I V + 2 % R C - 3 ; S t a g e M a x i m u m . 
1 0 0 
NORMAL STRESS, O] (psi) 
F i g u r e 6 l . M o h r D i a g r a m , S o i l I V + 2 % R C - 3 , S t a g e 1 0 - 9 . 
100 
NORMAL STRESS, a} (psi) 
F i g u r e 6 2 . M o h r D i a g r a m , S o i l I V + 2°/0 S t a g e 1 1 . 7 
C = 11 psi 
NORMAL STRESS, a , (psi) 
F i g u r e 6 3 . M o h r D i a g r a m , S o i l I V + k°jo R C - 3 > S t a g e M a x i m u m . 
F i g u r e 64 . Mohr D i a g r a m , S o i l I V + 4% R C - 3 ; S t a g e 9-3-
F i g u r e 6 5 . Mohr D i a g r a m , S o i l I V +• 6% R C - 3 ; S t a g e Maximum. 
F i g u r e 6 6 . Mohr D i a g r a m , S o i l V I . 
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Figure 68. Mohr Diagram, Soil VT + 2% RC-3, Stage 11.2 
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NORMAL STRESS, a, (psi) 
Figure 69. Mohr Diagram, Soil VI + 2% RC-3, Stage 10.3 
100 
NORMAL STRESS, a} (psi) 
F i g u r e 7 0 . Mohr Diagram, S o i l VI + 4% RC-3, S t a g e Maximum. 
100 
NORMAL STRESS, c r , (psi) 
F i g u r e 7 1 . Mohr Diagram, S o i l VI + 4% RC-3, S t a g e 9 . 7 . 
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NORMAL STRESS, a. (psi) 
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F i g u r e 73- Mohr Diagram, S o i l VI +• 6% RC-3, S t a g e Maximum. 
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F i g u r e 77- Mohr Diagram, S o i l V l l + 2% RC-3, S t a g e Maximum. 
100 
NORMAL STRESS, a} (psi) 
F i g u r e 7 & . M o h r D i a g r a m , S o i l V I I + - 2 % S t a g e 1 0 . 6 . 
F i g u r e 7 9 - M o h r D i a g r a m , S o i l V I I + 2 % R C - 3 , S t a g e 8 . 4 . 
F i g u r e 8 0 . Mohr D i a g r a m , S o i l V I I + k°jo R C - 3 , S t a g e Maximum. 
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F i g u r e 8 2 . Mohr D i a g r a m , S o i l V I I + h$ R C - 3 , S t a g e 8 . 0 . 
F i g u r e 8 3 . Mohr D i a g r a m , S o i l V I I + C°/o R C - 3 , S t a g e Maximum. 
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Figure 84. Mohr Diagram, Soil VII + 6% RC-3, Stage 9.3 
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Figure 85. Mohr Diagram, Soil VII -c- 6% RC-3, Stage 8.0. 
100 
C = 6psi 
0 20 40 60 80 100 120 140 160 180 
NORMAL STRESS, a, (psi) 
F i g u r e 87- Mohr D i g r a m , S o i l V I I I + 2% RC-3, S t a g e 21.8. 
F i g u r e 8 8 . M o h r D i a g r a m , S o i l V I I I + 2% R C - 3 , S t a g e . 3 . 0 . 
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F i g u r e 8 9 . M o h r D i a g r a m , S o i l V I I I + 4% R C - 3 ; S t a g e M a x i m u m . 
F i g u r e 9 0 . M o h r D i a g r a m , S o i l V I I I + k $ R C - 3 , S t a g e 23-0. 
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F i g u r e 9 3 - M o h r D i a g r a m , S o i l V I I I + 6 % R C - 3 , S t a g e 1 7 . 1 . 
Figure 9 k . Mohr Diagram, So:i 1 VIII + 6°jo RC-3, Stage l 6 . 9 . 
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Figure 95- Mohr Diagram, S o i l VIII + 6% RC-3, Stage 1 9 . 5 . 
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FIGURE 9 6 . MOHR DIAGRAM, SOIL IX + 2% RC-3, STAGE MAXIMUM. 
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F i g u r e 9. Mohr D i a g r a m , S o i l I X + 4% RC-3, S t a g e Maximum. 
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Figure 100. Mohr Diagram, Soil IX + hfo RC-3, Stage l 6 . ' ( . 
Figure 101. Mohr Diagram, Soil IX + h$ RC-3, Stoge l4.2. 
F i g u r e 102. M o h r D i a g r a m , B o i l I X + 6% RC-3, S t a g e M a x i m u m . 
F i g u r e 103- M o h r D i a g r a m , S o i l I X + 6% RC-3, S t a g e 1 7 . 9 . 
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